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Editor's Note 
Greetings GPNSS members and welcome to the new Prairie Naturalist! I am pleased to inform you that 
much has changed with the Journal during the past year that we hope you will enjoy. As some of you may 
already know, I assumed the role of Editor of The Prairie Naturalist in January 2009 following Elmer 
Finck's decision to transition out of the Editorship after 14 years of service. We all appreciate Elmer's 
commitment to The Prairie Naturalist and his continued passion for Great Plains research. So far the 
transition has occurred with relatively few complications. I am pleased to announce that Troy Grovenburg 
was hired as the new Assistant Editor during fall 2009. Troy is a South Dakota State University (SDSU) 
doctoral research assistant working on deer research in north-central South Dakota under the direction of 
Jonathan Jenks. Troy has strong quantitative and writing skills with a particular eye for detail. Troy has 
done an outstanding job in his role and is largely responsible for the timely publication of the first volume 
of the Journal (Volume 41, Issue 3/4) published at our new publication venue (SDSU) during February 
2010. We are fortunate to have Troy as a member of our Editorial team. We would also like to inform our 
membership that Lawrence D. Igl transitioned into the role of Book Review Editor for The Prairie 
Naturalist during March 2010 following many years of service by former Book Review Editor Doug 
Johnson. The Editorial staff would like to thank Doug for his many years of service to the Journal. We are 
pleased to have Larry as part of the Editorial staff...welcome aboard! 
We have developed a revised version of the manuscript submission guidelines, which is available as a PDF 
file on the website and as a published manuscript in Volume 41, Issue 3/4. Our intention was to develop a 
detailed, consistent set of manuscript submission guidelines for the benefit of all potential authors in the 
future. I'm optimistic these guidelines will continue to minimize the processing time of manuscripts by our 
Editorial staff, and increase efficiency of our peer-review and publication processes. Our peer-review 
process has been reduced to 2-3 months and timely publication of future volumes is expected. We are 
excited about the short-term success of our peer-review process and believe our members and prospective 
authors will be pleased with the efficiency of our newly implemented policies. 
We have seen a slight decline in our membership during the past year and current manuscript submission 
rates are insufficient to support a quarterly publication of the Journal. Importantly, the future publication 
schedule of the Journal will occur biannually (June and December) until manuscript submission rates can 
once again support a quarterly publication schedule. GPNSS members should know that the next issue 
(Volume 42, Issue 3/4) is scheduled for publication in December 2010. Rebuilding our membership and 
increasing our current manuscript submission rates remain high priorities and future public outreach efforts 
are anticipated to accomplish these objectives. For our existing members, please consider submitting your 
future work for consideration for publication in the Journal. I would ask that you communicate to your 
colleagues that we are encouraging people to join the GPNSS and would be happy to consider their work 
for possible publication in the Journal. 
For the first time in the Journal's history, we will be featuring color cover photographs on all future 
volumes of The Prairie Naturalist. The Editorial staff also is exploring opportunities that would provide 
authors with the option to print color figure files. We will continue to explore this opportunity with the 
print shop at SDSU and update our membership on progress in future volumes. 
The Editorial staff is working with SDSU faculty and administrative staff members to create a new GPNSS 
website that will be housed within SDSUs Wildlife and Fisheries Sciences departmental website. Our goal 
is to build and maintain an interactive website that provides our members with access to electronic copies 
(PDF files) of previously published journal articles. We are transitioning out of printing paper copies of the 
Newsletter and working towards an electronic version to be made available on the new website. Lastly, we 
are exploring options that will allow GPNSS members to establish or renew existing memberships 
electronically. We will continue to provide our membership with website development updates in future 
issues of the Journal. Thanks everybody and I'm excited about the future of the Journal. 
Chris Jacques 
Editor 
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Channel Catfish Diets Include Substantial Vegetation in a Missouri River 
Reservoir 
JONAH D. DAGEL i , MELISSA R. WUELLNER, AND DAVID W. WILLIS 
Department of Wildlife and Fisheries Sciences, South Dakota State University, 
Box 2140B, Brookings, SD 57007, USA (JDD, MRW, DWW) 
ABSTRACT Channel catfish (Ictalurus punctatus) are native to Lake Sharpe, a Missouri River mainstem reservoir, and are 
common in angler catches. Channel catfish growth has declined since the formation of the reservoir in 1963. Mean lengths at 
time of capture for channel catfish ages 9, 10, II, and 12 have decreased by 69, 55, 115, and 21S mm, respectively, since 
impoundment. The objective of this study was to document monthly food habits of channel catfish throughout the growing 
season (May-August) in Lake Sharpe to assess potential effects of diet on growth. Although channel catfish consumed both 
macro invertebrates and fishes as expected, they also consumed large quantities of submergent aquatic vegetation. Consumed 
vegetation contributed 3S-73% of the diet by weight over 2 channel catfish length groups «2S0 mm and ~2S0 mm total length) 
during the 4 months sampled. Consumption of substantial amounts of vegetation should be considered a suboptimal diet for 
channel catfish growth. Consequently, diets of channel catfish in Lake Sharpe ~ould be a factor contributing to the observed slow 
growth of older catfish in this population. 
KEY WORDS channel catfish, diets, growth, Ictalurus punctatus, Lake Sharpe 
Channel catfish (Ictalurus punctatus) have a native 
distribution east of the Rocky Mountains, from southern 
Canada to northeastern Mexico, but exclude much of the 
Atlantic coastal plain (Hubert 1999a). In South Dakota, 
channel catfish are native to the Missouri River drainage 
(Hoagstrom et al. 2007). Although "catfish" was only the 
eighth most preferred group of fishes by South Dakota 
anglers (Gigliotti 2000), channel catfish were the fourth 
most caught fish species in Lake Sharpe, a South Dakota 
Missouri River reservoir, during 2007 (Potter et al. 200S). 
Annual fish population surveys conducted by the South 
Dakota Department of Game, Fish and Parks (SDGFP) 
personnel suggest that channel catfish growth rates in Lake 
Sharpe have declined since the closure of Big Bend Dam in 
1963 (Elrod 1974, Potter et al. 200S). In 1964, one year 
after impoundment, mean lengths at time of capture of age 
9, 10, II, and 12 year old channel catfish were 504, 532, 
601, and 722 mm, respectively (Elrod 1974). In 2006 (this 
study), mean lengths at time of capture decreased to 435, 
477, 4S6, and 504 mm. 
Food habits of channel catfish could potentially affect 
growth. Several studies have reported that channel catfish 
are primarily omnivorous, feeding on vertebrates and 
invertebrates (Bailey and Harrison 1945, Tyus and Nikirk 
1990, Hill et al. 1995, Michaletz 2006). Vegetation in 
channel catfish diets has been documented in other studies 
(Ware 1967, Mathur 1971, Tyus and Nikirk 1990, and 
Michaletz 2006), but none have reported diets comprised 
primarily of vegetation. Given that the caloric content of 
vegetation is substantially lower than the caloric content of 
invertebrates and fish, channel catfish diets could be 
lCorresponding author email address: jdagel@cfr.msstate.edu 
limiting growth (Jobling 1995). Our objective was to 
document monthly food habits of channel catfish from May 
to August in Lake Sharpe to assess the potential effects of 
diet on growth. 
STUDY AREA 
Lake Sharpe is a 12S-km long reservoir in central South 
Dakota bounded by Oahe Dam on the upper end and Big 
Bend Dam on the lower. The reservoir had a maximum 
depth of 24 m, a mean depth of S.5 m, and a surface area of 
approximately 25,000 ha (Potter et al. 200S). Substrates 
were largely characterized as sand, gravel, shale, and silt. 
The reservoir was operated primarily for water control and 
hydroelectric power production; annual water level 
fluctuations were less than 1.1 m. 
METHODS 
We collected channel catfish during the last 2 weeks of 
each month from May to August 2006 throughout the 
reservoir using a combination of short term (i.e., ::::4 h) and 
overnight experimental gill net sets, and nighttime 
electrofishing. Gill nets were 91A-m long by I.S-m deep, 
five individual panels were 15.2-m long with bar mesh sizes 
of 12.7, 19.1,25.4, 31.S, and 50.S mm. We used a Smith 
Root SR-IS electrofishing boat with a 5.0-GPP control unit 
(Smith Root, Inc. Vancouver, WA, USA) to conduct 
nighttime electrofishing. Fish collection complied with 
South Dakota State University's (SDSU) Institutional 
2 
Animal Care and Use protocol (Approval Number 03-
E007). 
We recorded fork length (FL; mm), weight (g), and 
removed a pectoral spine from all channel catfish captured. 
We converted fork length to total length (TL) using TL 
= 1. 08xFL (Page and Burr 1991). We used proportional size 
distribution (PSD; percentage of stock-length fish that also 
exceed quality length) and proportional size distribution of 
preferred-length fish (PSD-P; percentage of stock-length 
fish that also exceed preferred length) to index population 
size structure (Anderson and Neumann 1996, Guy et al. 
2007). Minimum stock, quality, preferred, and memorable 
lengths for channel catfish are 280, 410, 610 and 710 mm 
TL, respectively (Gabel house 1984). We estimated ages of 
channel catfish from the basal recess of the pectoral spine 
using the methods outlined in Sneed (1951) and plotted age-
frequency histograms. Ages tend to be underestimated 
when the basal process of the pectoral spine is used 
(Mayhew 1969). We only included channel catfish ages 
estimated by two readers in our analyses. We compared 
mean length at time of capture by cohort with the species-
wide growth summary provided by Hubert (1999b). 
We excised stomachs from all channel catfish collected 
and preserved them in 90% ethanol. We identified, counted, 
and weighed (wet weight; g) stomach contents in the 
laboratory. Food habits were first summarized as percent 
composition by weight (Bowen 1996) for individual fish 
and then means were determined each month for 2 length 
groups: <280 and 2:280 mm TL. While the larger length 
group encompasses a substantial range in fish lengths, 
sample sizes during some months precluded use of 
additional length categories. 
RESULTS 
We collected 451 channel catfish during 2006 (May = 
74, June = 99, July = 121, August = 157). Total lengths of 
channel catfish ranged from 138 to 627 mm (Fig. I). The 
PSD for the combined sample was 68 (95% confidence 
interval [CI] = 8), PSD-P was 4 (95% CI = 3) and no 
memorable-length (710 mm) fish were collected. Estimated 
ages of collected fish ranged from 3 to 21 years (n = 275) 
and the majority (73%) were between ages 7 and 10 years. 
Channel catfish mean TL at time of capture by age group 
ranged from 270 mm at age 3 to 614 mm at age 17 (Fig. 2). 
Channel catfish diets were diverse. Invertebrates were 
more prevalent in channel catfish diets for both length 
groups during May and June, while prey fishes were more 
prevalent during July and August (Table I). Similarly, 
smaller channel catfish «280 mm) consumed more 
invertebrates, while larger fish (>280 mm) consumed more 
fish (Table I). Ephemeropterans were the most common 
identifiable invertebrates consumed. The second most 
consumed invertebrate group was Coleoptera. The most 
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common identifiable prey fish was gizzard shad (Dorosoma 
cepedianum), with age-O fish (age was based on their small 
size; i.e., < 120 mm TL; Wuellner et al. 2008) being 
consumed only during July and August. Yellow perch 
(Perca flavescens) and walleye (Sander vitreus) were the 
only other identifiable prey fishes and they were 
infrequently consumed. 
We also noted a high incidence of aquatic vegetation in 
channel catfish stomachs (Table I). Percent composition by 
weight ranged from 38 to 73% across length groups and 
months. Many catfish had distended stomachs caused by 
the amount of aquatic vegetation present in their stomachs. 
We combined aquatic vegetation into a single category for 
diet analysis; however, curly-leaf pondweed (Potamogeton 
crispus) was the most consumed vegetation type in May and 
June, while July and August samples were dominated by 
some combination of coontail (Ceratophyllum demersum), 
Eurasian water milfoil (Myriophyllum spicatum), and white 
water-crowfoot (Ranunculus aquatilis). Filamentous algae 
(Spin'Jgyra spp.) were observed in stomachs during all 
months. 
DISCUSSION 
Our Lake Sharpe channel catfish population sample 
exhibited a rather truncated size structure with no fish 
exceeding 650 mm TL despite the presence of substantial 
numbers of older fish. However, lack of large experimental 
gill net mesh sizes also may have caused the size structure 
to be underestimated. Few catfish (n=8) <200 mm indicated 
that smaller fish also were not effectively sampled. 
Buckmeier and Schlechte (2009) reported low catch rates of 
catfish <150 mm with experimental gill nets. 
Channel catfish longevity is relatively high in Lake 
Sharpe; a literature review by Hubert (1999b) indicated that 
only 23 of 102 North American channel catfish populations 
contained fish older than age 11. The age structure of the 
Lake Sharpe channel catfish population is similar to that 
found in the Powder River, Wyoming, where channel 
catfish ages 21~23 were sampled (Gerhardt and Hubert 
1991), but different than that found in other Missouri River 
reservoirs in South Dakota. Channel catfish sampled in 
Lake Francis Case and Lewis and Clark Lake had maximum 
ages of 14 (Sorenson and Knecht 2005) and II (Wickstrom 
2006). Mean length for Lake Sharpe channel catfish at ages 
3~5 ranked above the 50th percentile for the species growth 
summary provided by Hubert (1999b), indicating relatively 
fast growth. However, mean length at age for channel 
catfish at ages 6~ 10 was consistently below the 50th 
percentile reported by Hubert (1999 b), indicating relati vely 
slow growth. Both the truncated size structure and the 
slower growth for old fish indicated a potential limitation in 
available prey for channel catfish in Lake Sharpe, especially 
for larger fish. 
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Table I. Stomach contents (mean percent by weight) by length group for channel catfish collected monthly (May - August) from 
Lake Sharpe, South Dakota, 2006. 
<208 mm 2:280 mm 
Prey taxon May June July August May June July August 
Macroinvertibrates 42.8 9.7 19.6 12.8 27.9 7.8 17.8 7.1 
Coleoptra 6.4 0.3 2.4 0.5 1.3 0.2 2.3 0.7 
Decapoda 0.0 1.6 2.5 0.0 8.6 0.0 3.2 1.0 
Ephemeroptera 15.6 0.6 3.5 6.8 15.3 6.1 11.6 0.6 
Other invertebratesa 6.7 0.8 5.8 0.6 2.1 0.1 0.1 1.3 
Unidentified invertebrates 14.1 6.4 5.4 4.9 0.6 1.4 0.6 3.5 
Detritus 1.8 32.3 11.0 27.4 4.7 10.3 9.0 8.0 
Vegetation 55.4 49.1 48.1 45.6 52.3 72.8 55.0 37.7 
Fish 0.0 1.7 4.8 6.5 1.7 1.8 13.2 24.4 
Gizzard shad 0.0 0.0 2.4 5.6 0.0 0.0 1.3 4.9 
Percidae 0.0 0.0 2.4 0.0 0.0 0.0 0.0 1.9 
Unidentified fish 0.0 1.7 0.0 0.9 1.7 1.8 11.9 17.6 
Unidentified items 0.0 7.2 16.5 7.7 13.4 7.3 5.0 22.8 
alncludes macro invertebrates infrequently occurring (:S 6.1 % by weight) in channel catfish diets from orders diptera, 
gastropoda, hemiptera, heteroptera, hymenoptera, lepidoptera, odonata, and trichoptera. 
Our diet analysis provided both expected and unexpected 
results. As expected, invertebrates were common in channel 
catfish diets early in the growing season, and more common 
in diets of the small length group compared with the large 
length group. Most food habits studies indicate that channel 
catfish are primarily omnivorous (Bailey and Harrison 1948, 
Kubeny 1992). Prey fishes were more prevalent late in the 
growing season and more common in diets for the larger 
length group. Age-O gizzard shad were only consumed 
during the July and August samples, as previously 
documented for other piscivores in South Dakota reservoirs 
that had a shad prey base (Wuellner et a!., In Press). 
Channel catfish diets tend to change with increasing fish 
size (Menzel 1943, Hill et aI. 1995) and season (Bailey and 
Harrison 1948) as different prey items are available during 
different times of the season. Length at which channel 
catfish become more piscivorous seems to vary by 
geographic location (Bailey and Harrison 1948). 
High incidence of aquatic vegetation in channel catfish 
stomachs was unexpected. To attain these high percentages 
by weight, amount of plant material per stomach was high 
relative to other food items. Distended stomachs of most 
channel catfish, caused by the amount of aquatic plants 
consumed, suggested that catfish purposefully consumed 
vegetation rather than being part of incidental consumption. 
Many studies have indicated that channel catfish are 
omnivorous with the majority of their diets typically being 
comprised of invertebrates and vertebrates (e.g., Bailey and 
Harrison 1948, Hesse et a!. 1982, Hill et a!. 1995). Few 
other studies have reported large amounts of vegetation 
being consumed (e.g., Ware 1967, Mathur 1971, Michaletz 
2006). In Lake Oahe (the next Missouri River reservoir 
upstream from Lake Sharpe), Hill et aI. (1995) found no 
aquatic vegetation in a seasonal evaluation of channel 
catfish stomach contents. 
4 
Channel catfish food habits may not be the only factor 
affecting growth. Studies have indicated that growth of 
channel catfish could be affected by water temperature 
(Andrews and Stickney 1972), water depth (Durham et al. 
2005), water velocity, cover (Putman et al. 1995), 
geographical location (Durham et al. 2005), inter and intra-
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Jenkins 1952). Hayes et at. (1999) suggested that fish 
growth is likely influenced by a combination of various 
biotic and abiotic factors. Given the colder, hypolimnetic 
discharge from Lake Oahe into Lake Sharpe, the 
temperature regime in Sharpe also may contribute to 
channel catfish growth rates. 
-
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Length (mm) 
Figure I. Total length frequency by 10-mm length groups for channel catfish sampled (n=451) in Lake Sharpe, South Dakota, 
2006. 
MANAGEMENT IMPLICATIONS 
The high proportion of vegetation in channel catfish diets 
could indicate that channel catfish diet composition may be 
limiting their growth, especially for older (e.g., :::: age 6) 
fish. Replacement of vegetation with a similar weight of 
higher energy food sources may lead to increased channel 
catfish growth rates and likely to concomitant increases in 
popUlation size structure. Management strategies to increase 
prey availability in Lake Sharpe could provide higher 
energy food sources which could result in higher growth 
rates. Future studies should focus on other variables (i.e. 
water temperature, flow, turbidity, dissolved oxygen, and 
prey availability) that could potentially influence channel 
catfish feeding behavior and growth. 
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Figure 2. Mean total length (mm) at time of capture (Lake Sharpe and 50th percentile; Hubert 1999b) and mean back-calculated 
length at age (Lake Francis Case; Sorenson and Knecht 2005, and Lewis and Clark Lake; Wickstrom 2006) by age group for 
channel catfish across populations. Error bars represent the 95% confidence interval. 
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Use of Late Season Standing Corn by Female White-tailed Deer in the 
Northern Great Plains During a Mild Winter 
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ABSTRACT Winter habitat and resource use of white-tailed deer (Odocoileus virginianus) have been studied extensively 
throughout their northern range. However, limited information exists on deer use of late season standing corn. We evaluated 
standing corn use by female white-tailed deer on winter range in north-central South Dakota during winter 2005-2006. Results 
indicate that cover type selection occurred at the population (P < 0.001) and home range (P < 0.001) levels. PopUlation level 
analysis indicated selection for standing corn (vi> = 4.31) and Conservation Reserve Program (CRP) grasslands (vi> = 2.81). 
Similarly, at the home range level, deer selected for standing corn (vi> = 1.35) and CRP grasslands (vi> = 1.44). Deer 
disproportionately increased use of standing corn and CRP as habitat availability increased. Moreover, deer used wetlands and 
forested habitat in proportion to availability. In this region of the Northern Great Plains, availability and distribution of traditional 
cover habitats (i.e., forested and wetland habitats) is limited. We speculate that deer selected late season standing corn to 
optimize thermoregulatory and forage requirements, as well as visual protection against potential predators. 
KEY WORDS eigenanalysis, Northern Great Plains, Odocoileus virginianus, resource selection, standing corn, South Dakota, 
white-tailed deer 
Resource selection and use are important to the study of 
animal ecology (Johnson 1980, Orians and Wittenberger 
1991), behavior, and population dynamics (Mysterud and 
Ims 1998). Studying cover type selection can identifY 
biological requirements, forecast effects of habitat changes, 
enable protection for key areas and plant species, and 
evaluate hypotheses concerning underlying ecological 
processes (Lubin et al. 1993, Arthur et al. 1996). Usable 
resources must sustain animal populations (Manly et al. 
2002) and provide for successful reproduction (Mysterud 
and Ims 1998). In addition, usable resources are an 
important component of fitness and provide insight into the 
nature of a species and the requirement for survival 
(Franklin et al. 2000, Manly et al. 2002, Gillies et al. 2006). 
Habitat selection may take place at several spatial scales 
(Johnson 1980, Orians and Wittenberger 1991) and 
multiscale studies have become more common (Cooper and 
Millspaugh 2001, Manly et al. 2002). Johnson (1980) 
defined selection as first-order selection, selection of a 
physical or geographical range; second-order selection, 
home range of an individual or social group; third-order 
selection, use of various habitat components within the 
home range; and fourth-order selection, actual procurement 
of food types within the home range. Habitat selection 
categories may be discrete (e.g., open field, forest, rock 
outcropping) or continuous (e.g., shrub density, percentage 
I Corresponding author email address: troy.grovenburg@sdstate.edu 
cover, distance to water, canopy height; Manly et al. 2002), 
and when animals are not selective, they avoid or use 
resources in proportion to their availability (Alldredge et al. 
1998, Katnik and Wielgus 2005). 
Winter habitat use of white-tailed deer (Odocoileus 
virginianus; hereafter deer) has been studied across the 
northern regions of their distribution (Swenson et al. 1983, 
Mooty et al. 1987, Dusek et al. 1988, Gould and Jenkins 
1983, Pauley et al. 1993). In response to severe winter 
conditions, deer conserve energy by seeking suitable habitat 
to reduce heat loss (Verme 1965) and by restricting 
movement (Moen 1978). However, each habitat type may 
not contain an adequate mixture of factors necessary for 
survival (i.e., forage quality and availability, shelter, 
protection from potential predators; Orians and 
Wittenberger 1991, Godvik et al. 2009). Animals 
experience increased energetic demands and susceptibility 
to predation while foraging in exposed habitats compared to 
sheltered areas (Mysterud and Ims 1998, Godvik et al. 
2009). Deer have adapted to agriculturally dominated 
landscapes where food is abundant and permanent cover is 
scarce (Gladfelter 1984, Nixon et al. 2001). However, deer 
in agricultural regions may be more affected during winter 
by limited forested cover than in other regions (Gladfelter 
1984). 
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I the Northern Great Plains, it is common for a 
nntage of corn (Zea mays) to be left unharvested in perce .. 
D cember and remam untIl January-February because of 
en~ironmental conditions (ranging from 1 to 35%; 5% 
5-year average in South Dak~ta; South Dakota Department 
of Agriculture 2009, Umted States Department. of 
Agriculture 2009a, b). To our knowledge, relatIve 
importance of standing corn as winter cover habitat and the 
subsequent selection and use of. standing corn has not 
previously been documented. Thus, the purpose of our 
study was to document use of late season standing corn by 
female deer on winter range during a relatively mild winter 
in north-central South Dakota. Given limited availability of 
forested habitat in this region of the Northern Great Plains 
(Smith et al. 2002), we hypothesized that female deer would 
select standing corn as an alternative cover habitat. 
STUDY AREA 
Our study was conducted within the Northwestern 
Glaciated Plains and the Northern Glaciated Plains 
ecoregions (Bryce et al. 1998) in Edmunds (45°40' N, 
99°20' W) and Faulk (45°07' N, 99°15' W) counties, 
north-central South Dakota during winter 2005-2006. 
Terrain was flat to gently rolling, intermixed with numerous 
pothole wetlands between mounds of glacial till (Bryce et 
al. 1998). We selected our study site because it serves as 
traditional winter range for a high density population of deer 
(25-51 deer/km2; T. W. Grovenburg, South Dakota State 
University, unpublished data). 
The Northern Glaciated Plains ecoregion was typified by 
a continental climate with extremes of hot and cold ambient 
temperatures (Kernohan 1994). Winter conditions ranged 
from mild, with little to no snow cover and above freezing 
temperatures, to severe, with complete snow cover and 
subzero temperatures for more than a month at a time 
(Petersen 1984). Mean daily winter temperatures ranged 
from -22 to 22° C (South Dakota Office of Climatology 
2009). The region contained limited forested habitat (2.7%) 
and was dominated by agricultural activities with cultivated 
land (approximately equal hectares corn, soybeans [Glycine 
max], and wheat [Triticum aestivum]) and pasture/grassland 
constituting 42.4 and 44.6%, respectively, of total land use 
(Smith et al. 2002, United States Department of Agriculture 
2009a). The study area had 14,975 ha of grasslands 
(erodible lands taken out of production and established with 
perennial cover) enrolled in the 2005 Conservation Reserve 
Program (CRP; United States Department of Agriculture 
2009a). In 2005, corn harvest was 95% complete on 14 
November (United States Department of Agriculture 
2009a), halted prior to 1 December, and did not resume 
until April, after data collection was terminated. 
METHODS 
From January to April 2005 and January 2006, we 
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captured adult female deer using modified clover traps 
(Clover 1956) and helicopter net guns (Barrett et al. 1982, 
Jacques et al. 2009). Additionally, we captured deer using 
immobilizing drugs (4.4 mg/kg Telezol and 2.2 mg/kg 
Xylazine) delivered via a pneu-dart (Pneu-Dart, Inc., 
Williamsport, PA, USA) with flight stabilizers from a Dan-
Inject CO2 Rifle, model JM Standard (Dan-Inject of North 
America, Ft. Collins, CO, USA; Haulton et al. 2001). We 
fitted each deer with a radiocollar (Advanced Telemetry 
Systems, Isanti, MN, USA) equipped with a mortality 
sensor. All methods used in this research were approved by 
the Institutional Animal Care and Use Committee at South 
Dakota State University (Approval number 04-A009). 
We monitored radiocollared female deer 2-3 times per 
week through winter 2005-2006 (December-March) using 
ground triangulation with a null-peak antenna system 
(Brinkman et al. 2002). We gathered an equal number of 
diurnal and nocturnal locations to minimize temporal biases 
in home range analyses and eliminated locations if the error 
polygon overlapped >1 habitat type. We used LOCATE III 
(Nams 2006) to estimate locations using a minimum of 
three azimuths for all deer locations. We excluded locations 
with 95% error ellipses ::::20 ha from seasonal movement and 
home range analyses (Brinkman et al. 2005). To maintain 
temporal independence of observations for home range 
estimates (McNay et al. 1994), we did not track animals on 
successive days or at successive times during the day. We 
imported location estimates into ArcView (ESRI, Inc., 
Redlands, CA, USA) and used the fixed kernel method 
within Home Range Extension (HRE) of ArcView (Rodgers 
and Carr 1998) to calculate 95% home ranges during 
winter (December-February). We mapped all habitats 
encompassing the composite winter home range (95% 
composite home range based on locations of all females 
combined) of female deer using USGS 3-m Digital 
Orthophoto Quadrangles to determine population level 
availability. We used 95% home ranges to determine 
percentage of each habitat type available at the home range 
level (Table I). For resource selection analyses, habitat 
categories included forested, standing corn, harvested 
crops, alfalfa (Medicago sativa)/grassland/pasture, water, 
wetlands, CRP, and roads/development. 
We calculated resource selection using design II and III 
analyses (Manly et al. 2002) to determine whether selection 
was positive, negative, or neutral for habitat categories. We 
used Program R version 2.8.1 (R Development Core Team 
2009) with the adehabitat library (Calenge 2006) to 
calculate selection ratios and chi-square tests for overall 
deviation from random use of habitat types. We defined use 
as an animal location in a particular habitat and availability 
as percent of each habitat available at the population (design 
II; composite home range) and individual levels (design III; 
individual home range). Selection ratios were calculated as 
use/availability, and selection at the population level was 
determined by averaging individual selection ratios (Manly 
et al. 2002). With design II analysis, we sampled data on 
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selection of resource units by individual animals using 
population level resource availability. Design III measured 
the use and availability of resource units separately for each 
female deer (Manly et al. 2002). Cover type selection for 
both design II and III analyses was indicated if the selection 
ratio (w) differed significantly from l. For instance, 
selection for a habitat category was indicated if the 
confidence interval for Wi did not contain the value 1 and the 
lower limit was> 1. A habitat category was avoided if the 
confidence interval for Wi did not contain the value 1 and the 
upper limit was <1. Use in proportion to availability was 
indicated if the confidence interval for Wi contained the 
value 1 (Manly et al. 2002). We used eigenanalysis of 
selection ratios to explain variation in cover type selection 
among animals (Calenge and Dufour 2006). If all animals 
selected the same habitat types, then use of the first axis of 
analysis explained most variation in cover type selection. 
However, when variability existed in cover type selection, 
eigenanalysis generated several axes according to selection 
(Calenge and Dufour 2006). 
Table I. Cover types available and number of locations in 
each cover type for adult female white-tailed deer in 
north-central South Dakota, winter 2005-2006. 
Habitat Available (%) Use (%) 
Standing corn 4.8 169(19.5) 
Forested 1.9 47 (5.4) 
CRP 5.7 91 (l0.5) 
Wetland 1.0 16(1.8) 
Harvested crops 52.3 252 (29.0) 
Grasslanda 29.7 277 (31.9) 
Water 0.5 3 (0.3) 
Roadsb 4.1 13 (1.5) 
"Grassland includes grassland, alfalfa, and pasture; bRoads 
includes roads and development. 
We used logistic regression (Mysterud and Ims 1998) to 
test for functional response in habitat use (i.e., a change in 
relative use with changing availability). To test whether 
deer were substituting standing corn for traditional deer 
cover habitats, we compared effects of forested cover, CRP, 
wetlands, and standing corn on deer selection. With an 
appropriately fitted model (P> 0.05), an estimated slope (P) 
parameter "* 1 indicated functional response, and a slope 
equal to 0 indicated a consistent use of habitat as availability 
changed. Random use of habitat was indicated by a 
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(intercept) = 0 and P = I (Mysterud and Ims 1998); if a> 0 
and P 2: I, the habitat tested was always selected (i.e., 
disproportionate use compared to availability). For other 
combinations of intercept and slope values, cover type 
selection was inferred when the lower limit of the 95% 
confidence interval for the fitted proportion of the habitat 
used exceeded proportional availability of that habitat 
(Mysterud and Ims 1998). 
RESULTS 
During winter 2005-2006, we collected 868 winter 
locations (Table 1) from 30 female white-tailed deer. 
Patches of unharvested corn (n = 7) were similar in size (t6 = 
0.53, P = 0.62, range 52.6-64.7 ha); therefore, we were 
unable to detect a correlation between patch size and use. 
Mean number of locations used to calculate individual 
winter home ranges was 28.9 (SE = 1.6, range 24-38). At 
the population level (design II), female deer did not 
randomly select habitat in proportion to availability (t 210 = 
1139.94, P < 0.001) and selection was not identical for all 
animals (X2203 = 704.45, P < 0.001). Deer selected standing 
corn and CRP habitats greater than expected by chance and 
deer avoided harvested crops and development (Table 2, 
Fig. I). Eigenanalysis of selection ratios produced 2 factors 
that explained 88.7% (55.8%, first axis; 32.9%, second axis) 
of the variability in individual animal cover type selection; 
selection for standing corn explained 55.8% of the 
variability in cover type selection. 
At the 95% home range level (design III), deer did not 
randomly select habitat in proportion to availability (X2 106 = 
168.3, P < 0.001). Deer selected standing corn and CRP 
habitats greater than expected by chance and avoided 
harvested crops, water, and development (Table 2, Fig. 2). 
Eigenanalysis of selection ratios produced 2 factors that 
explained approximately 64.8% of the variability in 
individual animal winter cover type selection; information 
explained was similar for the 2 axes (34.1 % for the first 
axis, and 30.7% for the second). Addition of a third factor 
increased information explained to 87.2%; selection for 
standing corn and CRP explained 64.8% of the variability in 
cover type selection. 
Analysis of functional assessment for standing corn (G22 
= 32.04, P = 0.08; Table 3, Fig. 3a) indicated good model fit 
to the data. Confidence interval estimates for P (Table 3) 
indicated P > I; thus, deer used standing corn 
disproportionately compared to availability (Fig. 3a). 
Analysis of functional assessment for forested habitat 
provided adequate model fit to the data (G28 = 34.31, P = 
0.19; Table 3, Fig. 3b). Confidence interval estimates for P 
(Table 3) indicated the estimated value of the slope 
parameter (P) was zero; thus, deer used forested habitat 
consistently as availability of forested habitat increased 
(Fig. 3b). To address the issue of high leverage of a single 
outlier in the forested habitat assessment, we removed the 
animal with 17.1 % (Fig. 3b) proportion of standing corn 
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'1 ble and reanalyzed the data. Results (G27 = 32.73, P = aval a . 
0.21) indicated good model fit and confidence mterval 
(mates for the slope parameter (0.73, -0.20-1.66) 
~~;icated P = O. Thu~, predictive capabilities of our original 
forested habitat functIOnal assessment model were adequate. 
Functional assessment results for CRP (G28 = 36.10, P = 
0.14) indicated good model fit (Table 3, Fig. 3c). 
Confidence interval estimates for P (Table 3) indicated P> 
11 
I ; thus, deer used CRP habitat more than expected 
compared to availability (Fig. 3c). Also, analysis of 
functional assessment for wetland habitat (G28 = 11.36, P = 
0.99) indicated good model fit to our data (Fig. 3d). 
Confidence interval estimates for P (Table 3) indicated that 
P = 1; thus, deer proportionately used wetland habitat as 
availability increased (Fig. 3d). 
Table 2. Estimated selection ratios, standard error, and confidence intervals of selection for winter habitat of white-tailed deer (n 
= 30) in north-central South Dakota during the winter of 2005-2006 using design II and III (Manly et at. 2002) with known 
proportions of available resource units. 
Habitat Design II Design III 
Selection Selection 
index SE CI index SE CI 
(w) Lower Upper (w) Lower Upper 
Forested 1.89 0.55 0.514 3.266 l.l9 0.22 0.628 1.743 
Standing corn 4.31 + 0.85 2.194 6.433 1.35+ 0.10 1.094 1.600 
Harvested crops 0.5Y 0.05 0.436 0.669 0.73- 0.06 0.573 0.883 
Alfalfa/Pasture 1.07 0.12 0.760 1.374 1.11 0.10 0.845 1.367 
Water 0.75 0.41 O.OOOa 1.774 0.38- 0.18 0.000° 0.835 
Wetlands 1.70 0.61 0.175 3.229 1.31 0.27 0.628 1.983 
CRP 2.81+ 0.38 1.847 3.763 1.44+ 0.17 1.008 1.872 
Development 0.3T 0.12 0.053 0.677 0.5Y 0.16 0.145 0.953 
aFor water a negative lower limit was changed to 0.000. Limits for this habitat were unreliable because of the low sample count 
of used resources; +Indicates that the selection coefficient w is significantly different from 1 and the habitat is used more than 
expected; -Indicates that the selection coefficient w is significantly different from 1 and the habitat is used less than expected. 
DISCUSSION 
Deer in the Glaciated Plains region of the Northern Great 
Plains showed stronger selection for late season standing 
corn than for traditional winter cover habitats (i.e., forested, 
wetland). Winter cover is important to deer (Mooty et at. 
1987, Parker and Gillingham 1990) in northern regions and 
standing corn provided cover and forage that may have 
enabled animals to maintain body core temperatures and 
subsequently minimize thermoregulatory costs (Hanley et 
at. 1989, DePerno et at. 2003). Additionally, standing corn 
likely provided deer with readily available forage, thereby 
minimizing possible risk of predation from coyotes (Canis 
latrans). 
Interestingly, we documented winter selection for CRP 
habitat, which may have been related to mild winter 
temperatures. Deer winter severity index for winter 
2005-2006 indicated a very mild winter (DWSI = 36) and 
mean monthly temperatures for December-February were 
warmer than the 30-year average (Grovenburg et at. 2009). 
Gould and Jenkins (1993) documented selection for CRP 
during spring/early summer and proportional use of CRP 
fields in east-central South Dakota during a winter with 
similar mild temperatures (South Dakota Office of 
Climatology 2009). In many regions of the Northern Great 
Plains, forested cover is limited and fragmented (Smith et at. 
2002), leading deer to seek out substitute cover habitat. 
Minimal snow cover and mild winter temperatures 
12 
throughout north-central South Dakota may have 
contributed to increased use of CRP habitat, allowing deer 
access to CRP grasslands without energy expenditure 
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associated with movement through heavy snow (Parker e1 
al. 1984, Robbins 2001) or heat loss due to temperature 
~-7° C (DelGiudice 2000). 
Table 3. Test for goodness-of-fit and parameter estimates (point estimates and 95% confidence limits) for the logistic regressio 
equation logit (proportion used) = a + p logit (proportion available) for the data from white-tailed deer (n = 30) in north-centn 
South Dakota during winter 2005-2006. 
Intercept Slope 
Residual 
Habitat Residual Ga G/df a 95%CL 95%CL 
Com 32.04 0.077 1.46 1.15 0.68 1.63 1.58 1.24 1.94 
Forested 34.31 0.191 1.23 -1.96 -3.72 -0.20 0.29 -0.27 0.85 , 
CRP 36.10 0.140 1.29 1.34 0.80 1.89 1.43 1.17 1.69 
Wetland 11.36 0.998 0.41 2.00 0.00 4.13 1.50 0.94 2.18 
aGoodness-of-fit statistics are residual deviance (G) and P value for the model (P values < 0.05 indicate that models fit the data 
poorly; Mysterud and Ims 1998). 
Land enrolled in the CRP peaked at 14.9 million ha in 
September 2007 and by October 2007, CRP enrollment had 
declined by 931,000 ha, of which 850,000 ha were 
grasslands (Fargione et al. 2009, United States Department 
of Agriculture 2009c). As of spring 2009, CRP enrollment 
was .13.6 million ha with an additional 1.8 million due to 
expire on 30 September 2009 (United States Department of 
Agriculture 2009b). Several factors contributed to a decline 
in enrolled hectares (United States Department of 
Agriculture 2007, Fargione et al. 2009). First, the Food, 
Conservation, and Energy Act of 2008 mandated a reduced 
total of allowable hectares that may be enrolled in the CRP 
to 12.9 million ha by 2010. The United States Department 
of Agriculture projects that CRP enrolled land reach a 
historical low of 12.2 million ha in 2013 (Fargione et al. 
2009, United States Department of Agriculture 2009c). 
Second, increased demand for biofuel production has large 
land-use implications; greater demand for biofuels has 
caused and may continue to cause idle croplands to revert 
back into crop production (Secchi and Babcock 2007, 
Searchinger et al. 2008, Fargione et al. 2009). Demand for 
agricultural land to grow com for biofuels increased by 4.9 
million ha between 2005 and 2008 in the United States, with 
potentially wide-ranging effects on wildlife due to loss of 
habitat (Fargione et al. 2009). Current United States law 
mandates production of 136 billion liters of biofuel by 2022, 
a 740% increase over 2006 production levels (Fargione et 
al. 2009). Continued losses of CRP in the Northern Great 
Plains will depress the already limited cover available to 
deer, contribute to even greater fragmentation of habitats, 
and potentially lead to changes in deer behavior and 
survival. 
Importance of winter shelter to deer has been well 
documented (Gould and Jenkins 1993, DePerno et al. 2003, 
Klaver et al. 2008), yet limited use of forested habitat was 
documented during our study. Typically, deer use forested 
habitat during winter for thermal protection to minimize 
energy expenditure, even though availability of forage in 
this habitat is limited (Verme 1965, Dusek 1980, Swenson 
et al. 1983). Researchers have documented that 
distributions of deer in the Northern Great Plains were 
dependent on forested habitats (Sparrowe and Springer 
1970). In areas where snow depth is commonly >40 cm, 
habitat that provides thermal cover, such as mature second 
growth forests and wetland vegetation, is necessary (Pauley 
et al. 1993). During our study, several factors might explain 
the lack of use of forested habitat. First, snow depth never 
exceeded 12.7 cm (South Dakota Office of Climatology 
2009) and was considerably below snow depth necessary to 
restrict deer movements (40.0 cm; Kelsall 1969). 
Movement through deep snow is metabolically expensive 
because deer must expend energy to elevate the body 
repeatedly (Parker et al. 1984, Robbins 2001). DelGiudice 
(2000) documented that heat loss may exceed energy 
expenditure for standard metabolism and activity at 
temperatures ~-7° C. Second, only 21% of mean daily 
temperatures reached or exceeded this threshold (South 
Dakota Office of Climatology 2009). Mild temperatures 
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fragmented patches of forested habitat (Smith et at. 2002). 
Consequently, deer may have adjusted their daily activities 
and home ranges to locate and subsequently utilize 
alternative cover habitats. 








Figure 1. Results of the eigenanalysis (Calenge and Dufour 2006) of population level (design II; Manly et at. 2002) selection 
ratios conducted to determine winter habitat selection by 30 adult female white-tailed deer on eight habitat variables in north-
central South Dakota, USA, 2005-2006. (a) Habitat type loadings on the first 2 factorial axes. (b) Animal scores on the first 
factorial plane. Vectors represent individual white-tailed deer. C = late season standing corn, F = forested, 0 = water, H = 
harvested crops, A = alfalfa/pasture/grassland, D = development, R = Conservation Reserve Program, W = wetland, horizontal 
axis = first factorial axis, vertical axis = second factorial axis. 
Our results contradict the close association between deer 
and wetland habitat previously documented throughout the 
Northern Great Plains (Peterson 1984, Dusek et at. 1988, 
Naugle et at. 1997). Smith and Flake (1983) documented 
the importance of wetland habitats associated with rivers 
and streams to deer in the Northern Great Plains and 
Compton et at. (1988) concluded that riparian cover was a 
primary factor influencing local density and distribution of 
deer along the lower Yellowstone River. Additionally, 
Sparrowe and Springer (1970) reported that deer movement 
in this region of the Northern Great Plains typically follows 
riparian systems. Naugle et at. (1997) observed decreased 
use of wetlands for escape cover during one year of their 
study; this was attributed to unusually high water levels. 
Limited available wetland habitat at population and home 
range levels may have influenced deer activity. 
Furthermore, wetland habitat in our study area was 
fragmented and individual wetlands were relatively small in 
size « 1.6 ha average), thereby limiting their potential as 















Figure 2. Results of the eigenanalysis (Calenge and Dufour 2006) of home range level (design III; Manly et al. 2002) selection 
ratios conducted to highlight winter habitat selection by 30 adult female white-tailed deer on eight habitat variables in north-
central South Dakota, USA, 2005-2006. (a) Habitat type loadings on the first 2 factorial axes. (b) Animal scores on the first 
factorial plane. Vectors represent individual white-tailed deer. C = late season standing corn, F = forested, 0 = water, H = 
harvested crops, A = alfalfa/pasture/grassland, D = development, R = Conservation Reserve Program, W = wetland, horizontal 
axis = first factorial axis, vertical axis = second factorial axis. 
Variability in cover type selection highlighted by 
eigenanalysis can be explained, in part, by structure and 
distribution of patches of suitable habitat on the landscape. 
We believe that patches of suitable habitat were too distant 
to allow deer to use all habitat types. Our results supported 
conclusions by Swenson et aI. (1983), who noted that deer 
exhibited variation in wintering strategy based upon forage 
and cover resources available within home ranges. 
Selection of specific habitats varied substantially between 
individual animals. In deer concentration areas, habitat 
diversity is necessary to meet winter requirements for 
survival (Armstrong et aI. 1983). 
Our results indicated a trade-off in deer cover type 
selection and were directly related to changes in availability 
of standing corn and CRP habitat. We demonstrated that 
selection of late season standing corn and CRP increased 
with availability, while selection of forested habitat 
remained consistent regardless of availability. Mild winter 
weather likely influenced selection for CRP habitat, 
providing deer with concealment (bedding) cover and 
facilitating daily activities normally not available during 
more severe winters. Thus, CRP habitat may provide a 
critical habitat component to deer in intensively farmed 
regions throughout the Midwest (Higgins et aI. 1987). 
However, severe winters might lead to avoidance of CRP 
habitat and subsequent increased use of forested or wetland 
habitat by deer. 
We hypothesize that deer in this region replaced 
traditional winter cover (forested habitat) and forage 
(harvested agricultural row crops) habitats by maximizing 
use of late season standing corn. During our study, 
distribution of animals was strongly influenced by 
composition and spatial distribution of resources (Roseberry 
and Woolf 1998), and varied with landscape-level 
availability (Godvik et al. 2009). Standing corn represented 
ideal wintering habitat for deer in a prairie ecosystem 
Grovenburg et aJ. . Deer Resource Selection 
(Sparrowe and Springer 1970, Petersen 1984, Kernohan 
1994). Additionally, we hypothesize that selection and 
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would increase during severe winters. However, variability 
in weather and corn harvest completion may potentially 
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Figure 3. Logistic regression analyses of proportional use against proportion of that habitat available within individual 
white-tailed deer winter home ranges with 95% confidence envelopes in north-central South Dakota, USA, 2005-2006. (a) late 
season standing corn habitat, (b) forested habitat, (c) CRP habitat, and (d) wetland habitat. 
MANAGEMENT IMPLICATIONS 
Due to limited availability and fragmentation of winter 
habitats in the Glaciated Plains region of the Northern Great 
Plains, loss of cover and forage habitat (i.e., CRP and late 
season standing corn habitat) through anthropogenic 
disturbance could result in reduced availability of thermal 
cover and winter forage, and ultimately increase winter 
mortality of deer throughout the Northern Great Plains. We 
recognize that our study occurred during relatively mild 
winter conditions and that use of late season corn habitats 
may vary temporally and with increasing winter severity; 
during severe winter weather, forested cover may be 
selected with greater frequency. Thus, quantitative 
information on deer use of late season corn during severe 
winter conditions is warranted and may help to elucidate 
potential effects of intrinsic and extrinsic factors on resource 
selection by deer in the Northern Great Plains. Selection 
during severe winter would help determine if deer are 
choosing between cover and forage, or if standing corn 
satisfies both requirements. This information would 
facilitate direct comparisons of deer habitat use associated 
with effects of temporal changes in environmental 
conditions and habitat quality throughout the Northern Great 
Plains. If standing corn satisfies both requirements, 
knowledge of average unharvested corn acreage would 
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Comparison of Two Zooplankton Sampling Gears in Shallow, 
Homogeneous Lakes 
MAUDE E. LIVINGS 1, CASEY W. SCHOENEBECK2, AND MICHAEL L. BROWN 
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ABSTRACT We compared two zooplankton collection gears, Wisconsin nets and column samplers, to evaluate the effectiveness 
of each gear in quantifying inshore and offshore zooplankton density and size structure in shallow, homogeneous lakes. 
Zooplankton densities (within gear) did not differ (P > 0.05) between inshore and offshore sites in either study lake, with the 
exception of Wisconsin-netted Cyclops sp. in Lake Goldsmith. Wisconsin net samples produced a higher mean zooplankton 
density than column samplers for Bosmina sp., Cyclops sp., and Daphnia sp. in East Oakwood Lake and for Cyclops sp. (inshore), 
Daphnia sp., and Diaptomus sp. in Lake Goldsmith. Zooplankton densities had greater variability (coefficients of variation) in 4 
of 5 taxa collected with the Wisconsin net in both study lakes. Zooplankton size structure did not differ (P> 0.05) between gears 
in either study lake, with the exception of Diaptomus sp. in East Oakwood Lake. Our results suggest that column samplers have 
higher precision than Wisconsin nets when sampling common zooplankton speGies in shallow, homogeneous lakes. 
KEY WORDS column sampler, gear efficiency, Wisconsin net, zooplankton density, zooplankton sampling 
Accuracy and preCISIOn are necessary sampling 
considerations for estimating zooplankton population 
parameters such as density and size structure. Depth, 
specialized habitats, species composition, time of day, and 
density are primary factors that can influence collection 
efficiency of a specific gear (Hartman and Herke 1987, 
Brinkman and Duffy 1996). Zooplankton sampling gears 
that entrap or filter organisms might exhibit sampling bias 
or selectivity due to design. Gear design or configuration 
can bias sampling in a number of different ways, such as 
escapement, net extrusion or clogging, size exclusion, and 
avoidance (Rabeni 1996). Configuration also can affect 
volume and depth capability of sampling gear (Clutter and 
Anraku 1968). 
Intra-lake variation, such as depth, bottom type, habitat, 
and mixing, can affect precision of different sampling gears 
when estimating zooplankton density (Gannon 1980, Pace 
1996). Spatial (e.g., inshore and offshore) density 
differences might occur because some gears sample only a 
prescribed part of the water column effectively (e.g., closing 
nets and traps) or because habitat preference varies among 
extant taxa (DeBates et al. 2003, Olson et al. 2004). 
Zooplankton sampling gears usually only effectively sample 
one portion or limited portions of the water column (Clutter 
and Anraku 1968). For instance, Masson et al. (2004) found 
greater spatial variations in zooplankton density collected 
among water layers than collected using different sampling 
gears. 
During our study, a Wisconsin net and a column sampler 
were compared to assess the effectiveness of each gear type 
in evaluating inshore and offshore zooplankton density and 
size structure in shallow, homogeneous lakes. Both gears 
are commonly used to collect vertically integrated 
zooplankton samples. The Wisconsin net has been used 
widely to sample zooplankton over the entire water column 
(Masson et al. 2004), while the column sampler is limited to 
a few meters below the water surface (Applegate et al. 1968, 
Olson et al. 2004). Specifically, our objectives were to 
document differences in mean zooplankton density (niL) 
between inshore and offshore sites, differences in mean 
zooplankton density between gears, and differences in 
zooplankton size structure between gears. 
STUDY AREA 
Our study area included two shallow, homogeneous 
lakes, East Oakwood Lake and Lake Goldsmith, located in 
Brookings County, South Dakota. East Oakwood Lake had 
a surface area of 405 ha with a mean depth of 1.6 m and a 
maximum depth of 3 m. Lake Goldsmith had a surface area 
of 117 ha with a mean depth of 2.0 m and a maximum depth 
of 3 m. These study lakes are representative of glacial lakes 
found within the Prairie Couteau region (Stukel 2003). 
METHODS 
We collected samples during September 2006 from 7 
locations on East Oakwood Lake and 9 locations on Lake 
Goldsmith evenly distributed throughout each lake. We 
further divided each location into offshore (>50 m) and 
inshore «50 m) strata and 3 replicate samples were 
collected at each site with each gear type. We used vertical 
column samplers (2 m length, 7.3-cm inside diameter or l.5 
m length, 6.3-cm inside diameter) to collect zooplankton at 
I Present address: University of Maryland, Center for Environmental Science Chesapeake Biological Laboratory, Post Office Box 
38, Solomons, MD 20688, USA. Corresponding author email address: Livings(cl)cbl.umces.edu. 
2Present address: Department of Biology, 905 W 25th Street, University of Nebraska at Kearney, Kearney, NE 68849, USA. 
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water depths of up to 2 m or 1.5 m. We filtered each sample 
with a Wisconsin net with I 53-f.!m Nitex mesh attached to a 
63-f.!m mesh bucket. We used a Wisconsin net, as 
configured above, to complete a vertical tow from the 
bottom of the sample lake to the surface. We 
The Prairie Naturalist· 42( 112): June 20 I 0 
simultaneously deployed gears from randomly selected 
positions from an anchored boat. We preserved samples 
using 10% Lugol's solution, pending analysis (Pennak 
1989). 
Table 1. Mean zooplankton density (n/L), coefficient of variation (CV), and paired t-test statistics resulting from taxa-specific 
comparisons between inshore and offshore habitats sampled concurrently with Wisconsin nets and column samplers in East 
Oakwood Lake and Lake Goldsmith, Brookings County, South Dakota, 2006. 
East Oakwood Lake 
Wisconsin net Column sampler 
Inshore Offshore Inshore Offshore 
Mean CY Mean CY Mean CY Mean CY 
Taxon 
Bosmina 27.7 871.1 47.3 1424.1 12.0 377.6 18.0 686.5 
Cyclops 106.1 3227.9 137.3 5844.0 43.2 698.0 47.2 682.2 
Daphnia 14.9 479.9 4.6 94.4 4.5 77.5 4.3 171.2 
Diaphanasoma 14.9 377.9 20.2 321.3 12.4 487.3 9.1 103.4 
Diaptomus 13.5 397.8 11.4 340.8 16.4 1379.9 6.2 183.4 
Lake Goldsmith 
Wisconsin net Column sampler 
Inshore Offshore Inshore Offshore 
Mean CY Mean CY Mean CY Mean CV 
Taxon 
Bosmina 1.6 349.8 2.0 427.2 0.1 18.1 1.0 239.8 
Cyclops 18.0' 394.6 8.8' 166.8 3.6 89.3 7.7 332.7 
Daphnia 21.2 372.4 18.1 816.4 14.8 474.1 11.0 465.7 
Diaphanasoma 3.7 134.2 4.0 933.6 1.1 132.7 6.6 710.6 
Diaptomus 31.4 872.4 18.3 355.5 14.2 537.6 7.6 194.4 
• Indicated a significant relationship (P < 0.05). 
We filtered samples through a 153-f.!m Nitex mesh into to 50 mL, using distilled water. Samples containing more 
Erlenmeyer flasks and rinsed the samples to remove the than 200 zooplankton/50 mL were sub-sampled using a 
Lugol's solution. We standardized the volume of the sample Hansen-Stemple pipette to measure 3 separate, 1 mL 
Livings et al. . Zooplankton Sampling Gear Comparison 
aliquots from the total sample; otherwise we conducted total 
sample counts. To minimize potential sampling biases, we 
mixed and subsequently recorded the first 20 lengths (mm) 
for each genus. We assumed that because the solution was 
mixed prior to counting, samples were random and 
representative of the size structure within the mixed 
solution. 
We selected the 5 most abundant taxa (Bosmina sp., 
Cyclops sp., Daphnia sp., Diaphanasoma sp. and 
Diaptomus sp.) to compare taxa-specific densities between 
inshore and offshore strata and between sampling gears. 
Other taxa were not present in large enough numbers to 
conduct robust comparisons. Additionally, we selected the 3 
21 
most abundant taxa in both lakes (Cyclops sp., Daphnia sp. 
and Diaptomus sp.) to conduct a size structure comparison 
between gears. We used paired t-tests to compare 
differences in mean taxa-specific zooplankton density 
between paired inshore and offshore sites, and mean taxa-
specific zooplankton density between gear types. We used 
the coefficient of variation (CV = standard deviation! mean 
* 100) to calculate precision of the sampling gear type. We 
used two-sample Kolmogorov-Smirnov (D) tests to compare 
differences in zooplankton size structure between gears 
within each lake; we set significance at a = 0.05 for all 
analyses. 
Table 2. Mean zooplankton density (n/L), coefficient of variation (CV), and paired t-test statistics resulting from comparisons 
between zooplankton sampling gears on East Oakwood Lake and Lake Goldsmith, Brookings County, South Dakota, 2006. 
East Oakwood Lake 
Column sampler Wisconsin net 
Mean CV Mean CV 
Taxon 
Bosmina* 15.4 507.8 38.3 1161.8 
Cyclops * 43.4 682.1 115.6 4595.8 
Daphnia* 4.2 116.2 11.0 514.7 
Diaphanasoma 10.2 320.0 16.7 360.6 
Diaptomus 10.6 1119.0 11.9 459.0 
Lake Goldsmith 
Column sampler Wisconsin net 
Taxon Mean CV Mean CV 
Bosmina 0.6 215.5 1.8 371.6 
Cyclops (inshore)* 3.6 89.3 18.0 394.6 
Cyclops (off~hore) 7.7 166.8 8.8 322.7 
Daphnia* 12.9 457.6 19.7 549.4 
Diaphanasoma 3.8 695.3 3.9 517.1 
Diaptomus* 10.9 446.9 24.9 734.3 
* Indicated a significant relationship (P < 0.05). The mean taxa-specific zooplankton density between paired inshore and offshore 
sites for Cyclops sp. in Goldsmith had to be analyzed separately because the inshore/offshore comparison was significant. 
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RESULTS 
Mean zooplankton density did not differ (P > 0.05) 
between paired inshore and offshore sites, with the 
exception of Cyclops sp. (tx = 2.41, P = 0.04) in Lake 
Goldsmith (Table I). Mean zooplankton densities differed 
(P < 0.05) between sampling gears in both study lakes 
(Table 2). For instance, Wisconsin nets sampled higher 
mean densities of Bosmina sp. (x = 38.3, CV = 1161.8 niL), 
Cyclops sp. (X = 115.6, CV = 4595.8 niL), and Daphnia sp. 
(X = 11.0, CV = 514.7 niL) in East Oakwood Lake and 
higher mean densities of inshore Cyclops sp. (X = 18.0, CV 
= 394.6 niL), Daphnia sp. (X = 19.7, CV = 549.4 niL) and 
Diaptomus sp. (x = 24.9, CV = 734.3 niL) in Lake 
Goldsmith than column samplers (Table 2). We 
documented no differences (P ~ 0.09) in Diaphanasoma 
between gear types in either study lake. Bosmina and 
offshore Cyclops densities were similar (P ~ 0.23) between 
gear types in Lake Goldsmith. Similarly, Diaptomus 
density did not differ (P = 0.80) between gear types in East 
Oakwood Lake (Table 2). Zooplankton size structure did 
not differ (P ~ 0.09) for the 3 species between gear types in 
either study lake, except for Diaptomus sp. in East 
Oakwood, which was greater (DI8H = 0.26, P = 0.01) when 
sampled with Wisconsin nets (Table 3). 
DISCUSSION 
Wisconsin nets sampled higher mean densities of some 
common zooplankton taxa than column samplers. In 
addition, Wisconsin nets sampled mean zooplankton density 
at a lower level of precision than column samplers. 
Differences in mean zooplankton density and precision 
between the two sampling gears evaluated during our study 
illustrate the need to choose the correct sampling gear for 
achieving study-specific objectives (Rabeni 1996). Our 
results suggest column samplers are more effective for 
sampling zooplankton in shallow, homogeneous lakes 
because the gear samples at a consistent depth and 
presumably reduces operator sampling vulnerability when 
compared to Wisconsin nets. 
Within gear type, mean zooplankton density did not 
differ (P > 0.09) between paired inshore and offshore sites 
with the exception of Cyclops sp. in Lake Goldsmith, 
suggesting lake size and distance between inshore and 
offshore habitats may not affect zooplankton density in 
shallow, homogeneous lakes. Zooplankton density did not 
differ between paired inshore and offshore sites possibly 
because Prairie Couteau lakes commonly have low shoreline 
development, consistent shallow depths, uniform mixing 
from wind and wave action and homogeneous substrate 
(Stukel 2003). 
Wisconsin nets exhibited a higher mean density CV than 
column samplers, inferring lower precision. Variations in 
precision could be attributed to operator error, mesh size 
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escapement, and even active avoidance of the gear as 
Diaptomus sp. can actively swim backwards away from a 
perceived threat (Lochhead 1961). In a similar study, 
Karjalaien et aI. (1996) found column samplers to be more 
reliable at sampling smaller organisms while plankton nets 
were more effective at sampling large, rare, or active 
organisms. 
Table 3. Mean zooplankton size structure (mm), coefficient 
of variation (CV), and Kolmorgorov-Smimov test statistics 
from comparison of taxa-specific size structure between 
gears on East Oakwood Lake and Lake Goldsmith, 
Brookings County, South Dakota, 2006. 
East Oakwood Lake 
Column sampler Wisconsin net 
TaxQn Mean CV Mean CV 
Cyclops 0.6 42.0 0.6 50.4 
Daphnia 1.0 32.0 1.0 22.8 
Diaptomus* 0.7 35.1 0.9 26.0 
Lake Goldsmith 
Column sampler Wisconsin net 
Taxon Mean CV Mean CV 
Cyclops 0.6 36.0 0.6 42.1 
Daphnia 1.3 34.5 1.2 30.3 
Diaptomus 0.7 37.8 0.7 43.5 
, Indicated a significant relationship (P < 0.05). 
Zooplankton size structure of the two lakes did not differ 
(P> 0.09) between the two sampling gears evaluated in this 
study, with the exception of Diaptomus sp. in East 
Oakwood. There are a few potential explanations as to why 
size structure did not differ between gears. First, both gears 
might effectively sample available zooplankton size 
structure. Second, samples from both gears were filtered 
though the same size mesh, therefore including or excluding 
the same size zooplankton. Third, larger zooplankton might 
have avoided both gears equally. 
MANAGEMENT IMPLICATIONS 
Our findings suggest that column samplers may be more 
effective for sampling zooplankton in shallow, 
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homogeneous lakes. Managers and researchers should 
consider using either column samplers or a combination of 
these gear types when sampling zooplankton in shallow, 
homogeneous lakes. Future work should include a more 
robust comparison of these two gear types to determine their 
usefulness in different habitats and their sampling efficiency 
of various zooplankton taxa. Future studies should be 
conducted over a longer time scale to incorporate seasonal 
variations in the zooplankton species composition, in 
habitats with varying degrees of vegetation and different 
bottom types. Additionally, incorporating larger sample 
sizes to include a greater number of species for comparison 
and investigating potential factors (i.e., operator error, mesh 
size escapement, and active avoidance of gear by 
zooplankton) contributing to low precision of zooplankton 
density estimates is warranted. 
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Vegetation Trends on a Waste Rock Repository Cap in the 
Northern Black Hills 
ANDREW C. KORTH l , GARY E. LARSON2, LAN XU AND THOMAS E. SCHUMACHER 
Department of Biology and Microbiology, South Dakota State University, Brookings, SD 57007, USA (ACK, GEL, LX) 
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ABSTRACT We assessed successional trends, long-term vegetation sustainability, and soil surface protection during the 
2005-2007 growing seasons on the 32-ha Ruby Gulch Waste Rock Repository cap. The cap consisted of 150 cm of rock and soil 
covering a polyethylene membrane which in turn covered mining waste rock in order to prevent leaching of heavy metals and 
acidic water into streams. Following construction in 2003, a contractor applied a grass-forb seed mixture to provide soil-surface 
protection especially for steeply sloped portions of the cap. In 2005, we established 56, I_m2 plots, and 20, 20-m transects to 
annually measure canopy cover, basal cover, and species diversity over three growing seasons. Our results showed a decrease in 
species richness, including a decline in broad-leaved plants (especially clovers [Trifolium spp.]), near disappearance ofthickspike 
wheatgrass (Elymus lanceolatus), and poor establishment of western wheatgrass (E. smithii). Kentucky bluegrass (Poa pratensis), 
fescue (including Festuca brevipila and F. ovina), intermediate wheatgrass (E. hispidus) and slender wheatgrass (E. trachycaulus) 
increased or remained stable. With declining diversity, species composition among plots and transects became more similar over 
the three-year period. A severe drought and grasshopper outbreak in 2006 likely accelerated the compositional shift. Increases in 
vegetative cover and litter appear adequate to prevent excessive erosion, and despite low diversity, the vegetation appears self-
sustaining. 
KEY WORDS Black Hills, erosion protection, Gilt Edge Mine, reclamation, South Dakota, succession, vegetation 
In 2000, the abandoned Gilt Edge Gold Mine in the 
northern Black Hills of South Dakota was placed on the 
Environmental Protection Agency's (EP A) National 
Priorities List. Mine waste rock deposited in the upper 
reach of Ruby Gulch was a source of acid- and heavy-metal-
contaminated water that threatened to contaminate the 
Madison Aquifer, the chief water source for the towns of 
Sturgis and Galena (U.S. EPA 2001). Given the task of 
sitewide cleanup, the EPA constructed a water treatment 
plant to treat acid rock drainage from Ruby Gulch. Ruby 
Gulch Waste Rock Repository was created to sequester the 
nearly 9.2 million m3 of mine waste rock within Ruby Gulch 
(U.S. EPA 2006). Construction of the 32-ha repository 
began in 2001, and in the process, mine waste rock was 
covered with an 80-mil polyethylene membrane and a 
283.5-g geotextile and subsequently buried beneath 46 cm 
of crushed drain rock, 76 cm of rocky subsoil and 15 cm of 
topsoil (U.S. EPA 2006). Upon completion, the Ruby 
Gulch cap consisted of two plateaus at its summit and 10 
30-percent erodible slopes (separated by terraces) leading to 
the bottom of Ruby Gulch (Fig. 1). 
Following cap construction, contractors applied nitrogen 
fertilizer (urea) to the slopes (33 kg N/ha) and plateaus (140 
kg N/ha). Phosphorous (56 kg P20iha) also was applied to 
both the slopes and plateaus. Supplemental organic matter 
from the Rapid City Landfill was added only on the plateaus 
at a rate of 90 metric tons/ha. Wood cellulose fiber was 
applied to both the slopes (2800 kg/ha) and plateaus (3400 
kg/ha) with a hydromulcher and tackifier. The seedbed was 
prepared by raking, harrowing, clod removal, and 
smoothing. A grass-forb seed mixture (Table 1) was 
planted on the cap during spring (May-June) 2003. 
Seed mixtures were designed to quickly establish soil-
surface cover and prevent erosion while creating a meadow 
type community favorable to wildlife. Chambers et al. 
(1994) showed that synchronized planting of forbs and 
grasses could provide cover similar to that of undisturbed 
sites; however, aggressive introduced species often tend to 
reduce the number of native species that can establish and 
persist (DePuit et al. 1978, DePuit and Coenenberg 1979, 
DePuit et al. 1980). Mummey et al. (2002) and Chambers et 
al. (1994) found that plant diversity was lower on reclaimed 
mine sites compared to natural sites in the same area. 
Holechek et al. (198 I, 1982) reported that nitrogen and 
phosphorous fertilizer applications increased soil 
stabilization and canopy cover in mine reclamation efforts. 
Likewise, additional seeding, ripping, and topsoiling has 
been shown to reduce the amount of time needed for soil 
development (Holechek 1982). 
Our primary objectives were to monitor short-term 
successional trends and to determine composition and 
persistence of established vegetative species on the Ruby 
Gulch Waste Rock Repository cap. Our secondary 
objectives were to assess soil-surface protection by the 
I Present address: Mystic Ranger District, Black Hills National Forest, 8221 South Highway 16, Rapid City, SD 57701, USA 
2 Corresponding author email address: gary.larson@sdstate.edu 
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extent, and relative contribution of live vegetation, litter, 
and rock cover. 
STUDY AREA 
We conducted our study at the Gilt Edge Mine National 
Priorities List site (EPA 10 No. SDD987673985) in 
Lawrence County, South Dakota, located 8 km east of Lead 
in the northern Black Hills (Fig. I). Topography of the area 
was mountainous and elevation ranged from 1730 m at 
Anchor Hi II on the north side of the site to 1490 m near the 
base of Ruby and Bear Butte gulches (Fig. 1). Down slope 
from the Gilt Edge site are the headwaters of the ephemeral 
(upper reach) and intermittent (lower reach) Ruby Gulch 
and the perennial Strawberry Creek, both tributaries of Bear 
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Butte Creek that flows northeastward. Vegetation of the 
area was dominated by Ponderosa pine (Pinus ponderosa) in 
the overstory and coralberry (Symphoricarpos a/bus) in the 
understory (Hoffman and Alexander 1987). Climate in the 
area was characterized by cold, dry winters and warm, moist 
summers (Johnson 1949). The month with the highest 
monthly average temperature was July (18.9 0 C), and 
January had the lowest monthly average temperature (0.56 0 
C). Average annual temperature was 6.7" C. Average total 
annual precipitation was 68 cm with the greatest amount 
occurring in May (7.8 cm) and the least in January (2.5 cm). 
The growing season for the area was approximately 130 to 
145 days (Bender 2000). 
Figure 1. Location of plateaus and slopes on the Ruby Gulch Waste Rock Repository cap following construction in the northern 
Black Hills, South Dakota, 2001. 
METHODS 
We established 56, 1_m2 permanent plots and 20, 20-m 
permanent transects on the slopes and plateaus. We 
stratified and randomly distributed plots and transects on 3 
terraced portions (upper, mid, and lower slopes) and 2 
plateaus (Cepak's and Cheryl's plateaus). We ocularly 
estimated cover by species in each I_m2 permanent plot and 
photographed each plot during the annual sampling period. 
Likewise, we measured species cover in 10, 0.25-m2 plots 
along the 20-m transects at 2-m intervals. We used a 
modified Daubenmire (1959) cover scale to assign cover 
values to species and litter. Using an 8-pin point frame, we 
also measured ground-level cover in 2006 and 2007. We 
recorded basal hits on individual species, litter, rock, and 
bare soil at 80-cm intervals along the 20-m transects for a 
total of 200 points per transect. 
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Table 1. Component species in seed mixtures applied to the Ruby Gulch Waste Rock Repository cap in the northern Black Hills, 
South Dakota, 2003. 
Ruby Gulch cap slopes and terraces 
Canada wildrye (Elymus canadensis)" 
Hard fescue (Festuca brevipila) 
Intermediate wheatgrass (Elymus hispidus) 
Kentucky bluegrass (Poa pratensis) 
Little bluestem (Schizachyrium scoparium)" 
Mountain bromegrass (Bromus carinatus)" 
Red clover (Trifolium pratense) 
Sheep fescue (Festuca ovina) 
Sideoats grama (Bouteloua curtipendula)" 
Slender wheatgrass (Elymus trachycaulus)" 
Regreen triticale (x Triticosecale rimpauii) 
Thickspike wheatgrass (Elymus lanceolatus)" 
Western wheatgrass (Elymus smithii)" 
White clover (Trifolium repens) 
a native grasses 
We used Nonmetric Multidimensional Scaling (NMS; 
Mather 1976, Kmskal 1964) in the program PC-ORD® 
Version 4 (McCune and Mefford 1999) to ordinate 
permanent transect data using the Relative Sorensen 
distance measure. We conducted all NMS tests using 50 
iterations and with the final plot containing 44 iterations. 
We tested stability by plotting stress versus iterations. NMS 
allowed us to create a successional vector overlay to depict 
successional trends over the 3 years. 
Using SPSS® version 11.0 (SPSS 2006), we performed 
Friedman two-way analysis of variance by ranks (Friedman 
1937, 1940) to test for differences in cover for individual 
species among years as measured in permanent plots. If 
significant differences (P < 0.05) were detected between 
years, we conducted follow up Wilcoxon paired-sample 
tests (Wilcoxon 1945) to determine which years' cover 
values differed from one another. 
We compared basal cover values (based on number of 
point hits per transect) between years using ANOV A. For 
each permanent plot and sampling year, we used the 
Shannon-Wiener index (H/; Shannon and Weaver 1949) to 
Native forbs seeded on Cepak's and Cheryl's plateaus only 
American vetch (Vicia americana) 
Black-eyed Susan (Rudbeckia hirta) 
Blanket flower (Gaillardia aristata) 
Lewis blue flax (Linum lewisii) 
Prairie coneflower (Ratibida columnifera) 
Purple prairie-clover (Dalea purpurea) 
calculate species diversity, and Pielou's index (1/; Pielou 
1966) to calculate species evenness. We compared diversity 
and evenness indices among years using ANOV A in JMp@ 
version 7.0 (JMP 2007). 
RESULTS 
We detected 49 vascular plant species in our sampling 
between 2005 and 2007, of which only 16 were included in 
seed mixtures. We were unable to document presence of 3 
species present in the seed mixes using our sampling 
protocol, including sideoats grama (Bouteloua 
curtipendula), prairie coneflower (Ratibida columnifera), 
and triticale (x Triticosecale rimpauii). The latter species 
was planted as an annual nurse crop and was present in 2005 
only as sparse, standing, dead plants. We observed prairie 
coneflower only as widely scattered plants on the plateaus, 
however, it was never included in a sample. Thus, we 
documented 33 nonseeded species on the cap but never 
observed sideoats grama on site during our study. 
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Figure 2. Total number of species detected per transect and number of species gained and lost per transect on the Ruby Gulch 
Waste Rock Repository cap in the northern Black Hills, South Dakota, 2005-2007. 
Number of species per transect declined from 34 in 2005 
to 21 in 2007 (Fig. 2). The number of broad-leaved plants 
decreased from 22 species in 2005 to 8 in 2007, whereas the 
number of grass species was 12 in 2005 and 13 in 2007. 
Mean species diversity (H') decreased (P < 0.05) between 
2005 (1.37) and 2007 (0.99), and between 2006 (l.23) and 
2007 (0.99). Evenness (f) across the permanent plots 
remained relatively stable for the entire sampling period 
(2005,0.67; 2006, 0.64; and 2007, 0.60). 
Only intermediate wheatgrass (Elymus hispidus) and 
fescue (including sheep fescue [Festuca ovina] and hard 
fescue [F. brevipila]) significantly increased (P < 0.05) in 
canopy cover (Fig. 3). Canada wildrye (E. canadensis) and 
slender wheatgrass (E. trachycaulus) cover declined in 2006 
and showed recovery in 2007 (Fig. 3). Kentucky bluegrass 
(Poa pratensis) cover remained relatively stable over the 
duration of our study, whereas western wheatgrass (E. 
smithii) and thickspike wheatgrass (E. lanceolatus; not 
shown) had low levels of incidence from the initiation of 
our study (2005) and were nearly absent in 2007 (Fig. 3). 
Red and white clover (Trifolium pratense and T. repens, 
respectively) cover decreased (P < 0.05) between years and 
disappeared completely by 2007 (Fig. 3). In contrast, litter 
cover increased (P < 0.05) between years (Fig. 3). 
The NMS ordination revealed a temporal compositional 
shift where most data points tended to merge to the left near 
the vertical axis (Fig. 4). The final vector overlay reflects 
increasing similarity in species composition over the study 
duration, with the greatest change occurring between 2005 
and 2006 (Fig. 4). Our final NMS ordination had the best fit 
as a 2-dimensional solution as determined by a Monte Carlo 
randomized test (P < 0.01). The two axes accounted for 
92.6% of the data variability (axis I = 37.5%, axis 2 = 
55.1 %) with a final stress of 12.5 and final instability of 
0.07. 
We noted vegetative ground cover increased (P < 0.05) 
between 2006 (13.9%) and 2007 (20.03%; Table 2). We 
also detected an increase (P < 0.05) in overall surface 
protection (total ground cover) from 2005 (52.5%) to 2007 
(72.0%) as litter cover accumulated (Table 2). 
DISCUSSION 
Weather was a major factor in accelerating vegetation 
change on the Ruby Gulch Waste Rock Repository cap. We 
saw forb richness decline sharply between 2005 and 2006 
mainly as a result of severe drought during the 2006 
growing season; May through August 2006 precipitation at 
nearby Lead was 19.7 cm compared to an average of 32.7 
cm for the same period (South Dakota Office of 
Climatology 2006). Red and white clovers were especially 
impacted by drought conditions. These species are 
commonly used in restoration projects because of their 
ability to establish quickly, to provide nitrogen fixation, and 
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to supply high quality forage for wild and domestic grazers. 
However, they are normally associated with areas of reliable 
soil moisture (Johnson and Larson 1999). Our sampling 
showed that both clover species were nearly absent in 2006, 
and completely absent by 2007. We observed white-tailed 
deer (Odocoileus virginian us) frequently grazing on Ruby 
Gulch cap during 2005, however, we never observed them 
35 
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on the cap during 2006 and 2007 sampling periods when red 
and white clover had dried up and subsequently 
disappeared. We observed no clover seedlings in 2007 
despite a return to more normal precipitation. Though 
uncertain, it is possible that Ruby Gulch cap may be too 
well drained and thus too xeric for clovers to reestablish. 
c 
Figure 3. Mean cover (±1 SE) of common species and litter in the permanent plots on the Ruby Gulch Waste Rock Repository 
cap in the northern Black Hills, South Dakota, 2004-2007. Means with different letters for each category are significantly 
different (P < 0.05). 
Decline in species richness and increased dominance of 
slender wheatgrass, intermediate wheatgrass, fescue, and 
Kentucky bluegrass was reflected in our NMS ordination, 
as points representing transects coalesced from right to left 
over the 3-year period. The largest change in vegetation, as 
indicated by vector lengths, occurred between 2005 and 
2006 for most transects, and this corresponds to severe 
decline of red and white clovers between those years due to 
the 2006 drought. Coalescence of the points concomitantly 
reflects a decrease in overall differences in vegetation cover 
between transects during the 3-year period. Successional 
change was essentially accelerated by drought and led to 
simplification in the make-up and structure of vegetation on 
the cap. 
Soil surface protection increased significantly (P S. 0.01) 
between 2006 and 2007 due to an increase of Kentucky 
bluegrass, fescue, and litter, and a concomitant decrease in 
bare soil and rock cover. Return to near average growing 
season precipitation in 2007 led to increased cover by fescue 
and Kentucky bluegrass as these grasses responded 
favorably to improved moisture conditions. 
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Table 2. Mean ground cover (%) ± SE for the Ruby Gulch Waste Rock Repository cap in the northern Black Hills, South Dakota, 
2006-2007. 
species 2006 2007 
-slender wheatgrass l.88 ± 0.21 1.60 ± 0.26 
Fescue 6.13±0.88 9.28 ± 1.03c 
Kentucky bluegrass 2.20 ± 0.52 5.75 ± 2.47c 
Other vegetation 3.70 ± 0.42 3.40 ± 0.69 
Vegetative ground covera 13.90 ± 1.13 20.03 ± 1.28c 
Litter 38.58 ± 2.66 5l.95 ± 2.04c 
Rock 16.47 ± 1.33 12.68 ± l.24c 
Soil 31.05 ± 2.32 15.35 ± l.79c 
Total ground coverb 52.75 ± 2.72 72.00 ± 2.00e 
a Vegetative ground cover was calculated by the addition of percentages of slender wheatgrass, fescue, Kentucky bluegrass, and 
other vegetation; b Total ground cover was calculated by the addition of total vegetation cover and litter cover; c Denotes 
statistically significant (P < 0.05) differences in mean ground cover percentages between 2006 and 2007. 
Canada wildrye, slender wheatgrass, intermediate 
wheatgrass, fescue, and Kentucky bluegrass appeared to be 
self sustaining on Ruby Gulch cap. In contrast, the decline 
of forbs during our study was consistent with findings by 
Mummey et al. (2002), who found that overall cover and 
diversity of forbs was lower than grasses on reclaimed sites. 
We expect species diversity to remain low relative to natural 
communities, as observed in the reclamation studies of 
Mummey et al. (2002) and Chambers et al. (1994). The 
near disappearance of thickspike wheatgrass that we found 
on Ruby Gulch cap is contrary to findings of Holechek et al. 
(1982) who described thickspike wheatgrass as a highly 
successful reclamation species on coal mines in southeastern 
Montana. However, the much higher seeding rate for 
thickspike wheatgrass (538 seeds/m2) and heavier fertilizer 
applications together with less competition from other 
grasses in the latter study likely account for the differing 
results for this species. 
Even though we detected cicer milkvetch (Astragalus 
cicer) in only a few samples, the plant appeared to be 
spreading at a rapid rate on the upper slopes of Ruby Gulch 
cap. This introduced legume was planted on older 
reclaimed areas of Gilt Edge Mine and also was observed 
spreading along roadsides away from the mine. Cicer 
milkvetch has been described as a high quality forage for 
livestock (e.g., Acharya et al. 2006, Townsend et al. 1978), 
but we saw no evidence of plants being grazed by wildlife 
during this study. We suggest that the species needs to be 
monitored as a potential weed problem and that it may need 
to be treated with herbicide to aid in control efforts. 
With ground cover steadily increasing, we believe soil 
surface protection is adequate and assured for the future. 
Vegetation on the cap is expected to remain dominated by 
fescue, Kentucky bluegrass, and intermediate wheatgrass 
with little forb diversity. Most importantly, we found that 
the vegetation appears to be self-sustaining and capable of 
providing surface protection over the long term. 
MANAGEMENT 1M PLICA nONS 
Our results indicated that a protective self sustaining and 
durable vegetative cover can be established in relatively 
short time to protect erodible substrates of reclamation 
projects in the northern Black Hills. While using strictly 
native plant materials would have been more desirable, 
native grasses seeded on Ruby Gulch cap provided much 
less soil surface cover than exotic grasses, i.e., Kentucky 
bluegrass, fescue, and intermediate wheatgrass. Rapid 
establishment of protective cover is mandatory in 
mountainous areas, and consequently, use of fast-growing 
exotic grasses is virtually unavoidable. How to obtain long 
term establishment of forbs in plantings remains enigmatic, 
especially when herbicides must be used to control noxious 
weeds. The decline of native forbs seeded on the plateaus 
30 
was pronounced although it appeared to have no relation to 
spot spraying for noxious weeds. After 3 years the 
vegetation on Ruby Gulch cap closely resembled that of 
much older restored (though unstudied) mining areas in the 
Axis 1 
The Prairie Naturalist· 42(1/2): June 2010 
Black Hills, suggesting that low species diversity and 
dominance by exotic grasses are long term characteristics of 
these plantings. 
P < 0.01 
r2 = 0.93 
Figure 4. Nonmetric multidimensional scaling ordination with successional vectors showing compositional shift in the permanent 
transects (numbered points) on the Ruby Gulch Waste Rock Repository cap in the northern Black Hills, South Dakota, 
2005-2007. Note how transect data lead to a coalescing of points (movement from right to left) near Axis 2 reflecting increased 
similarity among transects. 
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Potential Importance of Competition, Predation, and Prey on Yellow Perch 
Growth from Two Dissimilar Population Types 
CASEY W. SCHOENEBECK i AND MICHAEL L. BROWN 
Department of Wildlife and Fisheries Sciences, South Dakota State University, 
Brookings, SD 57007, USA (CWS, MLB) 
ABSTRACT Our objective was to describe the influence of population dynamics, inter- and intra-specific competition, predation, 
prey abundance, and prey size structure on yellow perch (Pereajlaveseens) growth for two perch population types (high-quality 
and low-quality) commonly found in South Dakota glacial lakes. We selected Lake Cochrane as a low quality yellow perch 
population and Lake Madison as a high quality perch population. Sunfish (Lepomis spp.) relative abundance was greater (P < 
0.05) in Lake Cochrane than Lake Madison, suggesting interspecific competition may have a large influence on yellow perch 
growth. Indices of available sizes and densities of zooplankton were lower (P < 0.05) in Lake Cochrane than Lake Madison, 
suggesting that increased competition for large zooplankton may have reduced zooplankton size structure and density. 
Zooplankton may be a limiting resource in South Dakota glacial lakes when both yellow perch and sunfish are feeding primarily 
on zooplankton which may explain differences in perch growth rates between population types . . 
KEYWORDS competition, growth, Pereajlaveseens, sunfish, yellow perch, zooplankton size structure 
Yellow perch (Perea jlaveseens) are an important 
component of recreational fisheries in the upper Midwest 
(VanDeValk et al. 2002, Radomski 2003, Zhenming et al. 
2007) and are the most sought-after panfish species in South 
Dakota (Gigliotti 2004). Yellow perch growth can be 
influenced by many factors, including inter- and 
intraspecific competition, predation, prey abundance, and 
prey size structure (Lucchesi 1991, Lott et aI. 1996, 1998, 
Paukert et aI. 2002, Tomcko and Pierce 2005). 
Growth can be impacted by population density through 
intraspecific competition (Hanson and Leggett 1985, 
Lucchesi 1991, Lott et al. 1996). High density yellow perch 
populations were found to exhibit slower growth than low 
density populations in six South Dakota lakes suggesting 
that high perch densities may lead to intraspecific 
competition for food resources (Lott et al. 1996). Similarly, 
a negative relationship existed between yellow perch growth 
and perch relative abundance in five South Dakota lakes 
(Lucchesi 1991). 
Population recruitment and mortality also may influence 
growth. High quality yellow perch populations often are 
characterized by fast growth, high recruitment variability, 
large size structure, and high total annual mortality (Lott et 
aI. 1996, Paukert et aI. 2002). Conversely, low quality 
populations are characterized by slow growth, low 
recruitment variability, small size structure, and low total 
annual mortality (Lott et al. 1996, Paukert et aI. 2002). 
Interspecific competition among fishes (particularly 
sunfish; Lepomis spp.) for food resources may influence 
yellow perch growth rates (Hanson and Leggett 1985, 1986, 
Guy and Willis 1991). Sunfish and yellow perch prey on 
zooplankton and macro invertebrates, creating the potential 
for competition under prey limited conditions (Laarman and 
Schneider 1972, Werner and Hall 1977, Lott et al. 1996, 
Radabaugh 2006). Interspecific competition with abundant 
sunfish may reduce yellow perch growth (Hanson and 
Leggett 1985, Fullhart et al. 2002). In small impoundments 
and natural lakes, increased predator abundance has reduced 
density-dependent effects of intraspecific competition and 
thus increased growth rates of yellow perch (Guy and Willis 
1991, Paukert et al. 2002) and bluegill (L. maeroehirus; 
Paukert et al. 2002, Tomcko and Pierce 2005). 
Prey density and size structure may influence yellow 
perch growth (Laarman and Schneider 1972). Size structure 
of available zooplankton has been shown to influence 
yellow perch growth (Laarman and Schneider 1972, Mills 
and Schiavone 1982, Lott et al. 1998). For instance, 
previous researchers reported that mean length of available 
zooplankton and percent of Daphnia spp. > 1.3 mm was 
correlated with yellow perch growth in six South Dakota 
lakes (Lott et al. 1998) and eight New York lakes (Mills and 
Schiavone 1982). 
Previous studies have investigated differences in yellow 
perch growth rates between fishery types by evaluating 
potential influences of predation (Guy and Willis 1991) or 
food habits (Lott et al. 1998). However, these and other 
factors may collectively influence yellow perch growth. 
Therefore, our objective was to describe the influence of 
population dynamics, inter- and intra-specific competition, 
predation, prey abundance, and prey size structure on 
yellow perch growth for two perch population types 
commonly found in South Dakota glacial lakes. 
i Present address: Department of Biology, 905 W 25 th Street, University of Nebraska at Kearney, Kearney, NE 68849, USA. 
Corresponding author email address: schoenebeccw@unk.edu 
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STUDY AREA 
We selected study populations to represent two yellow 
perch population types, low-quality and high-quality 
fisheries, common to eastern South Dakota (Lott et al. 
1996). Lake Cochrane (Deuel County) was selected to 
represent a low-quality fishery due to its relatively slow 
yellow perch growth and small population size structure, 
high submerged vegetation coverage (3l.0%) and low 
productivity (total phosphorus 0.03 ppm). We selected 
Lake Madison (Lake County) to represent a high-quality 
fishery due to its relatively fast yellow perch growth and 
large population size structure, low submerged vegetation 
coverage «0.1%) and high productivity (total phosphorus 
0.27 ppm). Lake Cochrane had a maximum depth of 7.3 m, 
mean depth of 4.0 m, and surface area of 144 ha (Stukel 
2003). Lake Madison had a maximum depth of 4.9 m, mean 
depth of 2.4 m, and surface area of 1,069 ha (Stukel 2003). 
The fish community in Lake Cochrane was dominated by 
slow growing populations of yellow perch, bluegill, and 
hybrid (bluegill x green sunfish; L. cyanellus) sunfish. 
Black crappie (Pomoxis nigromaculatus), largemouth bass 
(Micropterus salmoides), walleye (Sander vitreus), northern 
pike (Esox lucius), white sucker (Catostomus commersonii), 
and common carp (Cyprinus carpio) also were present. The 
Lake Madison sport fish community was primarily 
comprised of walleye and yellow perch but black crappie, 
small mouth bass (M. dolomieu), and northern pike also were 
present. Lake Madison contained a higher abundance of 
white sucker, common carp and largemouth buffalo 
(lctiobus cyprinellus) than Lake Cochrane. 
METHODS 
Fish Community Sampling 
We surveyed the fish community in both study lakes 
using experimental gill nets and trap nets during 
midsummer from 2005 through 2007. Gill nets were 
composed of 6 equal sized panels (l.8 x 7.6 m) of mesh 
sizes 13, 19,25,32,38, and 51 mm (bar measure) for Lake 
Cochrane (2005, 2007) and 19,25,32,38,51, and 64 mm 
(bar measure) for Lake Cochrane (2006) and Lake Madison 
(2005-2007). Both sets of experimental gill nets contained 
mesh sizes (i.e., 19, 25, and 38 mm) that efficiently sampled 
the size and age distribution of yellow perch present in these 
lakes (Lott and Willis 1991). We used gill net catch per unit 
effort (CPUE) to index the relative abundance of yellow 
perch and walleye. We measured yellow perch and walleye 
captured in gill nets for total length (mm), sex, and 
subsampled aging structures (otoliths) from 5 fish per 10-
mm length group. We calculated sex ratios as the ratio of 
female to male yellow perch. We used catch per unit effort 
of double frame trap nets (l9-mm bar mesh, l.2 x l.5-m 
frames) to index sunfish relative abundance. 
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Population Dynamics Analysis 
We used mean length at capture ofage-3 yellow perch as 
an index to growth because this age group is commonly 
used for perch growth assessments (Lott et al. 1996, 1998, 
Isermann et al. 2007) and this age group was present during 
all years in both lakes. We modeled recruitment stability 
using the recruitment coefficient of determination (RCD), 
derived from age frequency data with a minimum of three 
year classes represented (Isermann et al. 2002). We 
included year classes with less than two fish in the RCD 
analysis only when subsequent year classes included more 
than two fish or subsequent year classes were not 
represented in the sample (Isermann et al. 2002). We 
estimated yellow perch total annual mortality using catch 
curve analysis (Ricker 1975, Miranda and Bettoli 2007). 
Invertebrate Community Sampling 
We surveyed invertebrate prey communities in both 
study lakes during August 2005-2007. We conducted 
zooplankton sampling during August because correlations 
between yellow perch growth and mean zooplankton length 
have previously been documented during this month (Mills 
and Schiavone 1982, Lott et al. 1998). We sampled 
zooplankton and benthic macro invertebrates at 16 sites per 
lake, using 3 replicate samples per site to account for within 
site variability; sites were divided equally into offshore (>50 
m offshore) and inshore «50 m offshore). We sampled 
zooplankton using a 2-m column sampler (7.3-cm inside 
diameter) and filtered zooplankton samples through a 153-
11m Nitex mesh catch net. We preserved zooplankton 
samples using 10% Lugol's solution (Pennak 1989), 
pending analysis. We collected benthic samples with an 
Ekman grab (0.023 m2), filtered samples with a number 30 
mesh sieve, and preserved the filtrate in 70% ethanol 
pending analysis. 
We subsampled zooplankton samples exceeding 200 
zooplankton/50 ml using a Hansen-Stemple pipette to 
measure three separate, I-ml aliquots; otherwise total counts 
were made (Livings et al. 2010). We identified zooplankton 
to genus while macro invertebrates were identified to family 
(Pennak 1989). We calculated the ratio of Daphnia spp. 
density (niL) to total zooplankton density and 
macroinvertebrate density (nlm2) for each year across all 
sites. For both zooplankton and macroinvertebrate samples, 
we recorded the first 20 lengths (total length, mm) of 
randomly selected individuals for each taxon and calculated 
mean length from individuals obtained across all sample 
sites (Livings et al. 2010). We compared yellow perch 
population dynamics, sunfish relative abundance, and 
invertebrate prey community indices between study lakes 




Yellow perch CPUE was variable among years and mean 
perch CPUE did not differ (t4 = 0.16, P = 0.88) between 
Lake Cochrane (60 fish per net night; Table I) and Lake 
Madison (55 fish per net night; Table 2). Mean gillnet 
walleye CPUE in Lake Cochrane (5 fish per net night) was 
lower (/3 = -3.29, P = 0.05) than in Lake Madison (14 fish 
per net night). Mean trap net sunfish CPUE in Lake 
Cochrane (64 fish per net night) was greater (tJ = 8.81, P < 
0.01) than Lake Madison (5 fish per net night). Mean length 
at capture of age-3 yellow perch at Lake Cochrane (185 
mm) was less (t4 = -15.66, P < 0.01) than the Lake Madison 
population (237 mm). However, mean total annual 
mortality (tJ = -0.67, P = 0.55), mean RCD (t4 = 0.88, P = 
0.43), and sex ratio (t4 = 1.05, P = 0.36) did not differ 
between the two study populations (Table I, 2). 
Mean zooplankton length in Lake Cochrane (0.52 mm) 
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was lower (t4 = -5.22, P < 0.0 I) than in Lake Madison (0.79 
mm). Mean zooplankton density in Lake Cochrane (3.5 
niL) was lower (t4 = -3.20, P = 0.03) than in Lake Madison 
(l0.4 niL). In addition, mean Daphnia spp. length in Lake 
Cochrane (1.13 mm) was lower (tJ = -3.lO, P = 0.05) than 
in Lake Madison (1.57 mm). Mean Daphnia spp. density in 
Lake Cochrane (1.6 niL) also was lower (t4 = -3.68, P = 
0.02) than in Lake Madison (18.9 niL). The ratio of 
Daphnia spp. to total zooplankton density in Lake Cochrane , 
(0.03) was lower (t4 = -3.79, P = 0.02) than in Lake 
Madison (0.31). Chironomidae composed an average of 
82% and 97% of all benthic macroinvertebrate families 
collected in Lake Cochrane and Lake Madison, respectively. 
Mean Chironomidae length in Lake Cochrane (8.1 mm) was 
not different (t4 = 0.94, P = 0.40) from Lake Madison (6.8 
mm). Mean Chironomidae density in Lake Cochrane 
(543.2 nlm2) was not different (t4 = -0.45, P = 0.68) from 
Lake Madison (706.4 nlm2). 
Table 1. Means and (standard errors) of independent variables for yellow perch from Lake Cochrane, South Dakota, 2005-2007. 
Variablesa 2005 2006 2007 
YEP length (mm) 187 (4) 183 (4) 186 (2) 
YEP RCD 0.38 0.49 0.84 
YEP mortality 0.45 0.28 0.41 
YEP sex 3.2 1.5 1.8 
WAECPUE 7 (2) 4 (2) 
YEP CPUE 90 (8) 70 (7) 22 (4) 
SUNCPUE 55 (6) 72 (15) 
Daphnia ratio 0.00 0.09 0.01 
Daphnia spp. density (niL) 0.0 4.6 (0.4) 0.2 (0.0) 
Chironomidae density (nlm2 ) 581.6 (219.3) 457.8 (l0 1.5) 590.2 (7.9) 
Zooplankton length (mm) 0.44 (0.02) 0.60 (0.03) 0.54 (0.03) 
Daphnia spp. length (mm) 1.14 (0.06) 1.12 (0.06) 
Chironomidae length (mm) 10.5 (0.9) 7.6 (0.6) 6.1 (0.9) 
a YEP length= yellow perch total length at age 3, YEP RCD = yellow perch recruitment coefficient of determination, YEP 
mortality = yellow perch total annual mortality, YEP sex = yellow perch sex ratio. Predation was indexed as walleye relative 
abundance (number offish per net night; WAE CPUE), intraspecific competition was indexed as yellow perch relative abundance 
(YEP CPUE) and interspecific competition was indexed using sunfish relative abundance (SUN CPUE). Prey abundance and size 
structure metrics represented are the ratio of Daphnia spp. density to the total zooplankton density (Daphnia ratio), Daphnia spp. 
and Chironomidae density, and zooplankton, Daphnia spp., and Chironomidae length. Blank cells represent no data. 
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Table 2. Means and (standard errors) of independent variables for yellow perch from Lake Madison, South Dakota, 2005-2007. 
- Variablesa 2005 2006 2007 
-YEP length (mm) 238 (6) 242 (8) 232 (6) 
YEP RCD 0.17 0.29 0.7 
YEP mortality 0.31 0.64 
YEP sex 1.1 l.0 2.3 
WAECPUE 11 (5) 14 (8) 17 (6) 
YEP CPUE 31 (9) 18 (9) 115(22) 
SUN CPUE 5 (1) 8 (4) 2 (1) 
Daphnia ratio 0.17 0.38 0.36 
Daphnia spp. density (niL) 10.0 (l.6) 23.1 (3.6) 23.5 (2.5) 
Chironomidae density (nlm2) 564.7 (79.1) 1386.5 (396.5) 168.1 (37.8) 
Zooplankton length (mm) 0.77 (0.05) 0.77 (0.06) 0.82 (0.06) 
Daphnia spp. length (mm) l.35 (0.04) 1.68 (0.03) 1.68 (0.04) 
Chironomidae length (mm) 7.8 (0.6) 6.3 (0.3) 6.1 (0.8) 
a YEP length= yellow perch total length at age 3, YEP RCD = yellow perch recruitment coefficient of determination, YEP 
mortality = yellow perch total annual mortality, YEP sex = yellow perch sex ratio. Predation was indexed as walleye relative 
abundance (number of fish per net night; W AE CPUE), intraspecific competition was indexed as yellow perch relative abundance 
(YEP CPU E) and interspecific competition was indexed using sunfish relative abundance (SUN CPUE). Prey abundance and size 
structure metrics represented are the ratio of Daphnia spp. density to the total zooplankton density (Daphnia ratio), Daphnia spp. 
and Chironomidae density, and zooplankton, Daphnia spp., and Chironomidae length. Blank cells represent no data. 
DISCUSSION 
Sunfish relative abundance was greater in Lake Cochrane 
suggesting that interspecific competition may have a large 
influence on yellow perch growth in the two study lakes. 
Alternatively, sunfish may provide an alternative prey 
source for predators, thereby indirectly influencing yellow 
perch density. Interspecific competition seems a more 
likely explanation because walleye and largemouth bass in 
north temperate lakes have shown feeding preferences for 
yellow perch over sunfish (Reed and Parsons 1996, 
Starostka et al. 1996). Furthermore, differences in 
zooplankton size and density between Lakes Cochrane and 
Madison suggests that predation on yellow perch or bluegill 
was insufficient to reduce inter- or intraspecific competition 
for large (and presumably more desirable) zooplankton. 
Differences in diet preference between yellow perch 
populations in our study lakes may possibly influence the 
level of interspecific competition. Lott et al. (1996) 
observed that the relative importance of zooplankton in diets 
of low quality South Dakota yellow perch populations was 
higher than in high quality populations. This could 
potentially lead to competition for large zooplankton 
between yellow perch and sunfish in low quality yellow 
perch populations (Lott et al. 1996). Interspecific 
competition for zooplankton is likely reduced in high 
quality yellow perch populations where the relative 
importance of macro invertebrates in the diet may be greater 
than zooplankton (Lott et al. 1996). Mean Chironomidae 
lengths and density did not differ between our study 
populations, suggesting that benthic macroinvertebrates may 
not be a limiting prey resource in South Dakota glacial lakes 
during August. Though we were unable to document direct 
evidence of competition between yellow perch and sunfish 
during our study, we do provide strong supporting indirect 
evidence suggesting that zooplankton may be a limiting 
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resource in South Dakota glacial lakes if both yellow perch 
and sunfish are feeding primarily on zooplankton. 
Zooplankton abundance and size structure were lower in 
Lake Cochrane suggesting that there may be competition for 
large, more desirable zooplankton (e.g., Daphnia spp). We 
suggest the relationship between zooplankton size structure 
and density and yellow perch growth may be influenced, in 
part, by increased interspecific competition with abundant 
sunfish for large zooplankton in low quality yellow perch 
populations that occur with abundant sunfish populations. 
Relative importance of zooplankton was lower in diets of 
high quality yellow perch populations thus possibly 
decreasing interspecific competition for large zooplankton 
(Lott et al. 1996). Large cladocerans (> 1.3 mm) were more 
abundant in two Michigan lakes containing high quality, 
fast growing yellow perch and bluegill populations than in 
two low quality, slow growing populations (Laarman and 
Schneider 1972). Conversely, slow growing yellow perch 
populations may prey disproportionately more on 
zooplankton (Lott et al. 1996) and may compete with 
sunfish for larger, more desirable zooplankton such as 
Daphnia spp., decreasing the size structure of the 
zooplankton community. Decreases in zooplankton size 
structure were found as the abundance of planktivorous fish 
increased in 35 New York lakes (Mills et al. 1987). 
Zooplankton density and size structure both increased 
following a decrease in a planktivorous fish community 
(Syvaranta and Jones 2008). However, fish density was not 
related to zooplankton size structure in 30 Nebraska 
Sandhill lakes possibly due to reduced feeding efficiency 
caused by dense stands of vegetation or alternatively, high 
densities of Daphnia spp. (Paukert and Willis 2003). 
Average Daphnia spp. density (sampled during July) was 
higher in the Nebraska Sandhill lakes than either Lake 
Cochrane or Lake Madison and therefore changes in 
zooplankton size structure may not be as detectable as in 
lakes containing lower zooplankton densities (Paukert and 
Willis 2003). 
MANAGEMENT 1M PLICA nONS 
Our findings suggest that improvements in yellow perch 
growth may be best accomplished through reductions in 
competition with sunfish by decreasing overabundant 
planktivores. For low-quality yellow perch populations in 
South Dakota, a reduction in the abundance of sunfish 
would reduce interspecific competition and allow yellow 
perch to consume larger, more desirable zooplankton and 
therefore increase yellow perch growth rates. An alternative 
management strategy would simply be to focus management 
efforts directed at producing faster growing, higher quality 
yellow perch populations to lakes containing a low 
abundance of sunfish. Lakes with low sunfish abundance 
would have reduced interspecific competition with yellow 
perch and therefore the potential for fast yellow perch 
growth. 
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Climatological Factors Influencing Yellow Perch Production in 
Semi-Permanent Wetlands 
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ABSTRACT Climatological factors such as temperature, wind, and precipitation have been reported to affect fish reproduction 
and recruitment in large lakes; however, little is known about these relationships in shallow, semi-permanent wetlands. We 
utilized age-O yellow perch (Pereaflaveseens) aquacultural harvest data to model climate effects on variability of juvenile yellow 
perch year class strength in semi-permanent wetlands. Overall, March through May precipitation, April air temperature, and a 
wetland parameter (i.e., intrinsic characteristics) provided the best-supported model. These results potentially indicate that spring 
weather patterns have an influence on yellow perch year class strength in semi-permanent wetlands. 
KEY WORDS Climatic effects, Perea jlaveseens, recruitment, wetlands, yellow perch 
Climate factors can influence the survival and growth of 
yellow perch (Perea jlaveseens) throughout its range. 
Constant or increasing temperature has shown a positive 
relationship to survival and growth of yellow perch (Clady 
1976, Pope et al. 1996, Ward et al. 2004). Fluctuations in 
temperature can affect embryonic development of gills, jaw, 
and overall body size (Newsome and Aalto 1987). Low 
temperatures can hinder primary and secondary production, 
or timing (Wetzel 2001), thereby reducing prey availability 
and ultimately affect yellow perch survival and growth 
(Graeb et al. 2004). Precipitation (Pope et a1.l996, Ward et 
al. 2004) and increased water levels (Henderson 1985) have 
also been positively related to abundance of larval yellow 
perch, likely a result of increased spawning habitat. Other 
researchers have reported that strong winds can dislodge 
egg masses from raised substrates causing a decrease in 
viable yellow perch eggs (Clady 1976, Aalto and Newsome 
1993). Although, Fisher et al. (1996) and Day (1983) did 
not observe any stranded yellow perch egg masses 
following high wind events. 
The influence of climatic factors varies among systems 
largely due to water body size and complexity. Koonce et 
al. (1977) found that temperature did not directly affect 
year-class strength of yellow perch in Lake Erie but 
suggested that temperature may only influence recruitment 
during drastic climate events. In large South Dakota lakes, 
Ward et al. (2004) found negative relations between larval 
abundance and May wind speed at Pickerel Lake, and 
March wind speed at East 81 Lake and Lake Madison; 
however, those populations typically spawn late April 
through early May (Hanchin et al. 2003, Fisher 1996). 
Consequently, Ward et al. (2004) hypothesized that wind 
speed may be a surrogate for other climatic events (e.g., 
cold fronts or unstable weather conditions) that could affect 
larval survival. 
Timing and duration of certain climatic events during 
early developmental stages can also influence larval yellow 
perch hatching and survival. Precipitation most likely 
benefits yellow perch if it occurs prior to spawning by 
increasing spawning and rearing habitat availability. Strong 
winds may be most detrimental during the egg and hatching 
stages of yellow perch due to physical damage, dislodging, 
and siltation caused by increased wave action. Fluctuations 
in water temperature may cause deformities during larval 
development (Newsome and Aalto 1987) but also may be 
influential throughout egg development and early larval 
stages. Much of the aforementioned research has been 
conducted on large permanent lakes; however, little is 
known about the extent of climatic effects on yellow perch 
reproduction and recruitment in semi-permanent wetlands. 
Due to the small size of semi-permanent wetlands, 
climatological effects are likely more pronounced, inducing 
even greater variability in yellow perch reproduction and 
recruitment. Therefore, our objective was to examine 
relationships between climate factors and age-O yellow 
perch relative abundance in semi-permanent wetlands. 
STUDY AREA 
Semi-permanent wetlands (n 11) throughout 
Brookings, Lake, Minnehaha, and McCook counties, South 
Dakota, were utilized as natural rearing systems for yellow 
perch production between 1988 and 2005 (Table 1, Fig. 1). 
We defined wetlands as semi-permanent because water 
covered the land throughout the growing season in most 
years (Cowardin et al. 1979); wetlands ranged in size from 
13 to 49 ha. North Twin and South Twin were considered 
one wetland during some high water years when the two 
waters were interconnected. Fish communities in these 
wetlands were relatively simple with fathead minnows 
(Pimephales promelas) and yellow perch occurring in all 
wetlands and walleye (Sander vitreus; n = 7) and black 
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bullhead (Ameiurus melas; n = 8) occurring in most 
wetlands. Other species considered rare in a few of the 
wetlands included largemouth bass (Micropterus 
salmoides), bluegill (Lepomis macrochirus), white crappie 
(Pomoxis annularis) and black crappie (P. nigromaculatus; 
Table 1). 
METHODS 
We stocked adult pre-spawn yellow perch into each 
wetland each spring to provide adequate broodstock to 
potentially produce a year class of age-O yellow perch 
(mean stocking density = 33/ha). In the fall following 
stocking, we harvested yellow perch with modified fyke 
nets (6.4-mm bar mesh) set perpendicular to the shore. We 
sorted captured yellow perch into two categories (age-O and 
age-l+) based on their total length «120 mm TL at first 
fall). We did not have effort data (number of nets and 
number of days) for all wetlands, because net set durations 
were variable (set for 1 to 3 days before removing catches) 
and often not recorded during the early years of the study. 
Thus, total fall harvest (number of age-O yellow perch/ha) 
from each wetland was used in the analysis. We calculated 
total fall harvest as the total weight of age-O yellow perch 
harvested multiplied by the number/kg, derived by 
subsampling. This likely provided comparative abundance 
measures because yellow perch are continuously harvested 
until each population is depleted to such a low level that 
additional harvest effort is not warranted. However, 
decreasing fall water temperatures may also hinder yellow 
perch catch rates. We recorded a harvest failure when an 
effort of 5 to 10 modified fYke nets set overnight resulted in 
a catch of zero. We estimated surface area for each wetland 
in ArcYiew™ 3.2 (ESRI; Redlands, California, USA) from 
data (wetland polygons digitized from 1983 and 1984 aerial 
photography) obtained from the National Wetlands 
Inventory Brookings, South Dakota. 
We obtained climate data [maximum and minimum daily 
air temperature (0C) and monthly precipitation (cm)] for 
monitoring stations in Brookings, Arlington, Madison, and 
Sioux Falls from the South Dakota State Climate Office and 
assigned to each wetland based on location (Fig. 1). We 
calculated mean daily air temperature by averaging each 
daily maximum and minimum temperature and then 
averaging all daily means within the specified time periods. 
Because wind data (hourly wind speed; kmlhr) were not 
available for all stations, we assigned either Brookings or 
Sioux Falls municipal airport wind data according to 
wetland proximity to those monitoring stations (maximum 
distance = 48 km). 
The critical window when climate factors are most 
influential on yellow perch recruitment in semi-permanent 
wetlands is unknown. Thus, we developed multiple 
exploratory models for each climate variable (i.e., 
temperature, precipitation, and wind; Table 2). We 
39 
calculated mean temperatures by taking the mean of the 
daily mean temperature. Thermal indices were the 
cumulative decreases in daily mean temperature for the 
given time interval, thus low index values would represent a 
warm interval and high index values would represent a cool 
interval. We compared mean temperature for each day with 
the previous day. If the second day was lower than the first 
day, we calculated the difference between mean 
temperatures. We summed all of the negative differences to 
estimate the thermal index. We used a wetland identifier 
parameter [unique identifier for each wetland (i.e., wetland 
number)] in all models to account for variability in harvest 
among wetlands within years due to intrinsic wetland 
limitations (e.g., spawning habitat, productivity, and prey 
availability) on yellow perch production. Importantly, we 
included total age-O yellow perch harvest (# / ha) as the 
response variable in all models. To avoid the potential for 
co linearity among variables included in the model selection 
process, we examined all relationships using scatterplot and 
correlation matrix utilities (Systat 2000); these analyses 
showed that variables used in models were not correlated 
(R2 < 0.37, P > 0.56). 
We used an information theoretic approach to evaluate 
relative support for yellow perch production models. Model 
selection was based on Akaike' s information criterion 
(AIC). Due to small sample size [e.g. sample size (n) / 
number of parameters (k) < 40], we used second order AIC 
(AICc) to calculate the difference in AlCc between each 
model and the best supported model (L1 j ), and model weights 
(Wi) for each model (Burnham and Anderson 2002). 
Initially, we evaluated all potential simple models from each 
of the available climate model groups (i.e., wind, 
temperature, and precipitation) to determine the most 
influential time interval for that climate factor (Table 2). 
Next, we compared 9 models containing combinations of 
the variables from the best climate group models to assess 
overall climate effects on the variability of age-O yellow 
perch abundance. 
RESULTS 
A total of 55 harvests, ranging from 0 to 21,326 yellow 
perchiha, from 11 wetlands over 17 years were used in the 
model selection analyses (Table 1). Yellow perch in 9 of 11 
wetlands had at least one year of presumed recruitment 
failure (i.e., 0 yellow perch/ha). 
A wide range of values for climatological variables were 
encountered during this study. Precipitation ranged from 
1.1 cm in April of 1996 to 56.4 cm accumulated in the 
September through May period of 1999. April mean 
temperatures ranged from 4.0 (1995) to 11.3 ° C (1988) and 
May mean temperatures ranged from 10.8 (1997) to 21.6° C 
(1988). Cooling index values ranged from 45.0 (May 1995) 
to 187.5 (April and May 2004) and mean wind speed ranged 
from 6.79 to 9.85 kmlhr. 
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Table 1. Surface area (ha), shoreline development index (SOl), range of harvest (number/ha), mean harvest (number/ha; standard 
error) and county of semi-permanent wetlands used as yellow perch rearing ponds in eastern South Dakota, 1988-2005. 
Range Mean 
Wetland County Na Area SOl of harvest harvest 
Other speciesb 
Dry Lake Brookings 5 18.8 l.l 0-684 137 (137) FHM LMB 
Fods Lake 6 23.2 1.6 0-21,326 4,951 (3,411) FHMWAEBBH 
Knappen Brookings 3 20.7 1.2 0-1,240 413 (413) FHM W AE LMB BLG WHC 
Little Brush Brookings 12 14.1 1.l 0-5,974 2,354 (584) FHMBBH 
Lukes McCook 3 48.9 3.2 0-937 312(312) FHMBBH 
Nelson Brookings 4 26.8 2.2 0-1,637 • 597 (389) FHMWAE 
Schaefer Minnehaha 6 26.5 1.8 0-6,060 1,165 (987) FHMWAEBBH 
South Brush Brookings 2 13.1 1.5 0-19 10 (9) FHMWAEBBH 
Twin North Minnehaha 3 39.9 1.2 504-3,021 1,695 (730) FHMWAEBBH 
Twin South Minnehaha 2 44.4 1.8 329-3,223 1,776 (1,447) FHMWAEBBH 
Twin (combined) Minnehaha 7 84.3 N/A 22-930 439 (120) FHMWAEBBH 
Wise Minnehaha 2 30.3 2.1 0-195 98 (98) FHMBLC 
a N = number of years used as a yellow perch rearing pond; b FHM = fathead minnow, LMB = largemouth bass, W AE = 
walleye, BBH = black bullhead, WHC = white crappie, and BLC = black crappie. 
Variability in yellow perch harvest was best explained by 
the March through May precipitation model (Table 2). The 
April mean temperature model had better relative support 
compared with the other temperature models. Additionally, 
the mean May wind speed model best explained variability 
in yellow perch harvest. However, overall yellow perch 
abundance was best explained by the climate model that 
included April temperature, March through May 
precipitation, and wetland identifier parameters (Table 2). 
We conducted post hoc comparisons between similar 
models with and without the wetland identifier parameter to 
examine the effect of wetland habitat has on yellow perch 
production. Models that contained the wetland identifier as 
a parameter were better supported than similar models that 
omitted the wetland identifier; therefore, a substantial 
amount of yellow perch production variability is likely 
caused by intrinsic biotic (e.g., predation, food availability) 
or abiotic (e.g., mean depth, nutrients) factors. Mean spring 
temperature and total spring precipitation appeared to 
influence age-O abundance more than mean spring wind 
speed (Table 2). 
DISCUSSION 
Temperature and precipitation were the most influential 
climatic factors observed in this study. These variables 
have been found to be positively related to year class 
strength for yellow perch in many systems (Clady 1976, 
Pope et al. 1996, Ward et al. 2004). Similarly, Eshenroder 
(1977) found that yellow perch recruitment in Saginaw Bay 
was correlated to spring temperature. Conversely, Koonce 
et al. (1977) found that temperature did not directly affect 
the year-class strength of yellow perch in Lake Erie, 
suggesting that temperature may only have influenced 
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recruitment during drastic or rapid cooling events, which 
consequently are rare in large lakes. The cooling index used 
in this study may not be an accurate method for determining 
the severity of negative fluctuations in temperature. The 
N 
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cooling index used was the cumulative decreases in mean 
daily temperature, which could mask short-term, episodic 
changes in the rate of temperature decrease or the magnitude 
of a short-term temperature event. 
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Figure l. Locations of wetlands (dots) and nearby weather recording stations (stars; city names) used in AIC analysis of wind, 
precipitation, and temperature effects on yellow perch juvenile production in eastern South Dakota, 1988-2005. 
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Table 2. Models developed to explain variability in yellow perch harvest in semipermanent wetlands throughout eastern South 
Dakota, 1988-2005. 
Model Na Kb AICc" L1AICc
d LLe Wi r 
Mar to May precipitation + wetland 56 4 887.9 0.00 l.00 0.46 
Apr to May + wetland 56 4 889.5 l.62 0.45 0.20 
Nov to May precipitation + wetland 56 4 890.5 2.59 0.27 0.13 
Apr precipitation + wetland 56 4 890.7 2.78 0.25 0.11 
Nov to Apr precipitation + wetland 56 4 892.1 4.16 0.13 0.06 
Temperature (mean) 
Apr temp + wetland 56 4 888.8 0.00 1.00 0.87 
Apr to May temp + wetland 56 4 894.3 5.42 0.07 0.06 
May temp + wetland 56 4 896.2 7.39 0.02 0.02 
Apr cooling index + wetland 56 4 896.4 7.55 0.02 0.02 
Wind (mean speed) 
May + wetland 56 4 895.2 0.00 l.00 0.53 
Apr + wetland 56 4 896.8 1.63 0.44 0.24 
Apr to May + wetland 56 4 896.9 l.68 0.43 0.23 
Climatological comparisons 
Temp + precipitation + wetland 56 5 886.4 0.00 l.00 0.48 
Precipitation +wetland 56 4 887.9 l.50 0.47 0.23 
Temp + wind + precipitation + wetland 56 6 888.8 2.40 0.30 0.14 
Temp + wetland 56 4 888.8 2.44 0.29 0.14 
aN = sample size; b K = number of parameters; C AICc = second order Akaike's Information Criterion (Burnham and Anderson 
2002); d L1AICc = Difference in AIC relative to minimum AIC; e LL = Log likelihood; f Akaike weight (Burnham and Anderson 
2002). Climatological comparison models included data from the time periods of the most supported models in the precipitation, 
temperature, and wind analyses. 
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Spring precipitation also has been positively related to 
yellow perch larval densities (Pope et al. 1996, Ward et al. 
2004). A potential explanation for this relationship could be 
that rising water levels inundate terrestrial vegetation, thus 
increasing the amount of suitable spawning habitat. This 
explanation is consistent with Henderson's (1985) findings 
that recruitment was a function of water levels in Lake 
Huron. Water level data for these wetlands was not 
available; however, we believe that the precipitation models 
served as a surrogate for water levels, especially because of 
the long time period encompassed by this study. 
Strong winds during the spring have been related to 
decreased larval yellow perch abundance (Clady 1976, 
Aalto and Newsome 1993, Pope et al. 1996, Ward et al. 
2004). Strong winds can cause increased wave action which 
has been reported to dislodge egg masses from substrates or 
to cover eggs with silt causing the eggs to suffocate (Clady 
1976, Aalto and Newsome 1993), however, during this 
study, our models indicated that no major wind effect was 
observed. In small wetlands, wave height can be restricted 
due to short fetch distance, thus wetlands used in our study 
may not be as susceptible to wind effects as large lakes. 
Addition of the wetland identifier parameter increased 
the relative support of each model indicating that other in-
lake factors also affected age-O yellow perch production in 
these wetlands. Other factors that have been reported to 
positively influence yellow perch recruitment are vegetation 
abundance [e.g., spawning habitat (Willis et al. 1997)], food 
availability and size structure (Graeb et al. 2004), and 
parental stock size (Sanderson et al. 1999), while juvenile 
density (Sanderson et al. 1999) and predatory effects 
(Hartman and Margraf 1993) show a negative relationship 
to recruitment. Wetlands in the current study are stocked 
with adult yellow perch in early spring (pre-spawn period) 
to assure adequate brood stock followed by depletion of the 
system by trapnetting during the subsequent fall. Parental 
stock size should be adequate and any intraspecific 
competition with the previous year class should be low. 
MANAGEMENT 1M PLICA TIONS 
Mean temperature combined with total precipitation were 
the most influential variables affecting yellow perch 
recruitment in small wetlands. Deep wetlands could be 
chosen as natural perch rearing systems because they hold 
more water, which could potentially reduce the negative 
effects of cold weather events. Additionally, wetlands with 
larger immediate watersheds also should be considered 
because increased precipitation and water levels during the 
spring has been correlated with yellow perch recruitment. 
Future research examining potential relationships between 
wetland characteristics (i.e., size, shape, depth, and 
watershed area) and the extent of climatological effects on 
yellow perch recruitment in wetlands used as rearing ponds 
also is warranted. Also, vegetation coverage, food 
availability, and fish community structure and composition 
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all likely affect yellow perch recruitment thus, future 
research should examine the biotic effects on yellow perch 
recruitment within wetland habitats. 
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BONNIE WARNER ALEXANDER 
1964- 2007 
This issue of The Prairie Naturalist contains a series of three papers on the western prairie fringed orchid by 
Dr. Bonnie Alexander and her colleagues. Dr. Alexander passed away in August, 2007, after a brief but 
hard fought battle with cancer and only a ShOli while after completing her Doctorate in Natural Resources 
Management at North Dakota State University. Up until the time of her death, Dr. Alexander was an 
associate professor of biology at Valley City State University, North Dakota, where she was greatly admired 
by her students for always challenging them to become better and stronger members of society. Her love 
and enjoyment of prairie plant communities, especially those supporting populations of the western prairie 
fringed orchid, were always well evident. Her research on this threatened orchid species adds greatly to the 
information needed by researchers, managers, and decision makers to assure its persistence into the future. I 
applaud the junior authors of these papers for taking on the difficult task of preparing these manuscripts 
from Dr. Alexander's research findings in spite of her passing. Although Dr. Alexander may not have won 
her battle with cancer, the efforts of her co-authors have ensured that her research contributes significantly 
to our knowledge of a rare orchid species that she cared so deeply about. 
Christopher Jacques (Editor) 
Cattle Grazing Reduces Survival and Reproduction of the Western Prairie 
Fringed Orchid 
BONNIE WARNER ALEXANDER, DONALD KIRByl, MARIO BlONDIN I, AND EDWARD 
DEKEYSER 
Department of Science, Valley City State University, Valley City, ND 58072, USA (BWA; deceased) 
School of Natural Resource Sciences, North Dakota State University, Fargo, ND 58108, USA 
(DK, MS, ED) 
ABSTRACT QuantifYing impacts of livestock grazing and prairie management strategies on the threatened western prairie' 
fringed orchid (Platanthera praeclara) is difficult due to the erratic appearance of the orchid above-ground. We monitored 
above-ground survival of orchids from flowering to mature seed capsule production, comparing plant height, flower numbers, and 
seed capsule numbers from 2002-2004 in rotationally grazed pastures and non-grazed sites. Orchid survival differed significantly 
between grazed and non-grazed pastures, with the proportion of plants surviving from flower to capsule production consistently 
lower in grazed pastures. Mean orchid survival in grazed and non-grazed areas was 40% and 87%, respectively. The proportion., 
of surviving plants producing capsules greater than 3 mm in diameter was significantly greater in non-grazed pastures. Flower 
and bud production did not differ between grazed and non-grazed areas, tlnd plant height was significantly greater in non-grazed) 
areas. High levels of above-ground plant mortality may reduce orchid tuber winter survival and robustness of above-ground; 
growth the following growing season. Creation of protected orchid nursery areas within grazed pastures is suggested to reduce 
high mortality of above-ground orchid plants. 
KEY WORDS livestock, North Dakota, orchid, Platanthera praeclara, tallgrass prairie, threatened species 
The western prame fringed orchid (Platanthera 
praeclara) was federally listed as a threatened species by 
the U. S. Fish and Wildlife Service in September 1989. 
Both numbers and range of this orchid have been reduced 
during the last 100 years, primarily due to the conversion of 
prairie to cropland (Bowles 1983). Western prairie fringed 
orchids grow in or on wetland edges within tallgrass prairie 
communities and also are found in disturbed sites associated 
with tall grass prairie (Bowles 1983). Local extinctions and 
recolonizations have been observed on a regular basis in 
populations and are characteristic of some metapopulations 
(Husband and Barrett 1996). Major threats to the orchid 
include habitat disruption (e.g., conversion to cropland), 
cattle grazing, mowing, burning, herbicide application, and 
hydrologic changes. 
Controversy surrounds management of the western 
prairie fringed orchid on public lands such as in 
southeastern North Dakota. One reason for this controversy 
is that cattle grazing by private ranchers is often allowed in 
orchid habitat. The impact of grazing on orchid populations 
has not previously been documented. Research on the 
impact of management, including grazing, on orchid 
populations is limited and has been confounded by the 
sporadic growth of the orchid (Sieg and King 1995). Thus, 
our objectives were to monitor orchid growth, survival, and 
reproduction in grazed and non-grazed sites in the Sheyenne 
National Grassland of southeastern North Dakota. 
lCorresponding author email address: donald.kirby@ndsu.edu 
STUDY AREA 
The Sheyenne National Grassland (SNG) is located in 
Ransom and Richland counties of southeastern North 
Dakota. The SNG lies in an ancient river delta whose sands . 
were blown into a transverse dune field then vegetated about 
2,370 years ago (Running 1996). The population of 
blooming orchids in the SNG fluctuated between several 
thousand and 15,000 plants (Alexander 2006). Th, 
Grassland is managed by the U. S. Forest Service to 
maintain native prairie habitat and provide cattle forage. 
Management techniques consisted of burning, mowing, and 
herbicide application, in addition to cattle grazing by local 
ranchers. Long-term growing season (April - October) 
precipitation averaged 44.8 cm for the study area. Total 
annual precipitation during 2002, 2003, and 2004 was 42.8, 
38.7, and 50.9 cm respectively. The main study area 
encompassed 821 ha (2,026 acres) in what the U. S. Forest 
Service calls the Venlo grazing allotment. This area was 
fenced into three pastures consisting of East Venlo (269 ha), 
North Venlo (289 ha), and South Venlo (263 ha). We also 
marked and evaluated orchids in non-grazed (deferred) 
pastures in three locations within 20 km of the Venlo 
grazing allotment. 
METHODS 
In the Venlo allotment of the SNG, flowering orchid 
within three pastures were counted, marked, and mappe 
.1exander et al. . Cattle Grazing Effects on an Orchid 
using a handheld Garmin Legend Global Positioning 
System (Garmin International, Inc., Olathe, Kansas, USA) 
during July of 2002-2004. We searched pastures beginning 
in early July, although exact dates varied depending on 
development of orchid blooms each year. We marked 
orchids with a plastic cattle ear tag, washer, and pole barn 
spike driven into the ground 1 m east of each orchid; we set 
markers at this distance to avoid potential metal ion toxicity 
effects. At the time of flowering, we measured plant height 
from the ground to the tip ofthe top flower, and enumerated 
flowers and buds. Sampling units consisted of all blooming 
orchids in each of three grazed pastures. 
Each pasture was grazed using a twice-over rotational 
grazing system. Pastures were grazed using a standard 
stocking rate of 0.4 ha per animal unit month (AUM = one 
450 kg cow and a calf grazing for one month). We 
subdivided grazing periods into early, mid, and late; each 
corresponding to different above-ground life stages of the 
orchid as described by Wolken (1995). We defined the 
early grazing period when greater than 50% of the grazing 
occurred before June 15 and corresponded to the vegetative 
stage of the orchid. In the vegetative stage, plants have a 
low profile, few leaves, and short, flexible flower stalks. 
We defined the mid grazing period when greater than 50% 
of the grazing occurred after June 15 but before August 3l. 
This period corresponded to the period of time during which 
the orchids were extending flower stalks and producing 
flowers and seed capsules. We defined the late grazing 
period when greater than 50% of grazing occurred after 
August 31; corresponding to the period when orchid seed 
capsules were fully developed and seeds were assumed to be 
nearly mature. Orchid plants moved into dormancy during 
this period, becoming brown and atrophied. Seed capsules 
opened in mid-September. 
For comparison with grazed pastures, we marked and 
evaluated orchids in non-grazed (deferred) pastures. In 
2002, we used data from Self (2002) in two non-grazed 
pastures on the Viking Prairie allotment 20 km east of the 
Venlo allotment and 20 orchids on The Nature Conservancy 
land 12 km southeast of the Venlo allotment. In 2003, we 
marked and evaluated all orchids in the Penberthy South 
(adjacent to the Venlo allotment) deferred pasture. In 2004, 
we marked and evaluated orchids in Middle McLeod 
allotment (10 km southeast of the Venlo allotment) that had 
not been grazed for a year. Following cattle removal from 
grazed pastures and prior to seed dispersal in all pastures, 
we re-evaluated all orchids and subsequently counted and 
recorded total numbers of seed capsules. 
Statistical Analysis 
We compared rates of orchid survival between grazed 
and non-grazed pastures within each year of the study using 
a two sample t-test with heterogeneous variance (Zar 1999). 
We compared differences in plant height, flower (and bud) 
production, and capsule production between grazed and 
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non-grazed pastures using an analysis of variance 
(ANOV A) with a repeated observation model (Zar 1999); 
differences were considered significant at P < 0.05. 
RESULTS 
We marked 551 orchids in grazed pastures and 106 
orchids in non-grazed pastures. In grazed pastures, there 
were 271 orchids in 2002, 140 in 2003, and 69 in 2004, 
corresponding to a 292% population reduction during our 
study. The pastures sampled each year in our non-grazed 
treatment changed annually so total orchid populations 
could not be followed across years for these sites. 
Percentage of orchids surviving from flowering to 
capsule maturity was consistently lower (P < 0.05) in grazed 
pastures than in non-grazed pastures (Fig. 1). Orchid 
survival in grazed and non-grazed areas was 40% and 87%, 
respectively. Survival or orchids in non-grazed areas 
increased from 30% in 2002 to 58% in 2004. Further, 
overall orchid survival averaged across grazed and non-
grazed areas was 51 % (Fig. 1). 
We used orchid plant height and number of flowers 
produced as measures of robustness in this study. Plant 
height in grazed pastures (x = 43 cm) was significantly less 
(P < 0.001) than in non-grazed sites (x = 52 cm). Mean 
number of flowers per plant was similar (P = 0.24) between 
grazed (x = 7.6) and non-grazed (x = 8.6) pastures. 
Percentage of flowers producing capsules also was similar 
(P = 0.73) between grazed (34%) and non-grazed pastures 
(39%). Moreover, we found no difference (P = 0.46) in the 
mean number of capsules per plant between grazed (x = 2.2) 
and non-grazed (x = 3.1) pastures. However, percentage of 
orchids producing mature capsules was greater (P = 0.0 I) 
on non-grazed pastures (55%) than on grazed pastures 
(35%). 
DISCUSSION 
Presence of a seed bank (viable seeds remaining in the 
habitat from previous years) has been considered important 
in the stability and growth of the western prairie fringed 
orchid population (Sieg and King 1995). If orchids do not 
survive the growing season, they do not produce mature 
seeds and, consequently, do not contribute to the seed bank 
or recruitment of orchids into the population. Previous 
studies have found mortality rates from flowering to capsule 
maturity ranging from 16% (Pleasants 1995) to 64% 
(Wolken 1995) in non-grazed areas. 
In our study, cattle grazing had a significant detrimental 
impact on orchid plant survival to capsule maturity (60% 
mortality in grazed versus 23% in non-grazed areas). 
Increased mortality in grazed pastures has two implications 
for long-term survival of the western prairie fringed orchid 
in North Dakota. First, only about half as many plants 
survive to produce seed capsules in grazed pastures than in 
non-grazed pastures (Fig. I), and there was an additional 
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20% reduction in the number of seed capsules produced by 
plants that survive and reproduce in grazed pastures. Thus, 
for every 100 flowering orchids produced each season, 
approximately 1.75 million fewer seeds are produced per 
100 plants in grazed pastures. These numbers demonstrate 
the magnitude of the reduction in orchid seed production in 
grazed pastures. However, it is not known what ecological 
significance this may have on population viability. 
The second implication of cattle grazing is that the 
western prairie fringed orchid is a perennial plant and relies 
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season to survive winter dormancy and produce growth the 
next season. When above-ground photosynthetic parts of an 
orchid are affected by grazing or trampling, the plant has no 
means of replenishing reserves. Bowles (1983) suggested 
that removal of above-ground biomass before adequate 
storage has occurred may disrupt the orchid lifecycle, 
preventing flower production in subsequent seasons. This 
loss of energy reserve could also render the tuber vulnerable 
to winter kill. Either of these factors could reduce future 
orchid growth and reproduction. 
CGrazed • Non-grazed 
2004 3-year av~ 
Figure 1. The percentage of flowering western prairie fringed orchids (Platanthera praeclara) survlvmg to mature capsule 
production annually and the 3-year average in grazed and non-grazed pastures on the Sheyenne National Grassland in 
southeastern North Dakota, 2002-2004. Plant survival was lower in the grazed pastures each year as well as for the 3-year 
average (P < 0.05). 
We studied the robustness of orchid plants using plant 
height, flower production, and capsule production. 
Difference in mean heights between orchids in grazed and 
non-grazed pastures suggests that cattle grazing directly 
impacts orchid growth. Plant height could possibly be 
influenced by the drying of the soil resulting from reduction 
in ground cover. Sieg and King (1995) suggested that 
orchid plant height was a response to moisture levels. 
Shorter plant height also could be associated with removal 
of above-ground orchid growth by cattle during a previous 
growing season, thereby reducing carbohydrate reserves 
available for growth in the current season. 
Self (2002) found no difference between number of 
flowers produced in grazed and non-grazed areas. We also 
found similar numbers of flowers per plant occurring in 
grazed and non-grazed areas. Additionally, we found 
capsules per flower and mean capsules per plant were 
similar between grazed and non-grazed areas. Similarities 
in flower production combined with a difference in plant 
height could reflect that plants surviving to flowering in 
grazed pastures sacrificed vegetative growth to ensure that 
carbohydrate reserves were sufficient to produce a normal 
number of flowers and capsules. 
MANAGEMENT IMPLICATIONS 
To remediate cattle grazing effects, we suggest 
identification of areas where orchids grow in both wet and 
dry years within core (concentrated) and secondary 
(scattered) orchid areas and fence out core orchid areas to 
cattle grazing. These fenced areas would serve as protected 
orchid nurseries for seed production and would provide 
buffers to potential catastrophic loss. The enclosed areas 
may need to be mowed, grazed, or burned after seeds are 
released (approximately mid-September) if a heavy growth 
of vegetation is identified as impairing orchid growth. 
Alexander et al. . Cattle Grazing Effects on an Orchid 
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In Situ Development of Western Prairie Fringed Orchid 
Seeds, Protocorms, and Seedlings in Grazed and Non-Grazed Prairie Babita' 
BONNIE WARNER ALEXANDER, DONALD KIRByl, MARIO BIONDINI, AND EDWARD 
DEKEYSER 
Department of Science, Valley City State University, Valley City, ND 58072, USA (BWA; deceased) 
School of Natural Resource Sciences, North Dakota State University, Fargo, ND 58108, USA 
(DK, MB, ED) 
ABSTRACT In 1989, the U.S. Fish and Wildlife Service listed the western prairie fringed orchid (Platanthera praeclara) as 
threatened. Although this orchid has been monitored for years, there is little scientific documentation of its biology, ecology, and 
phenology, nor the impacts of management activities on its populations. Our objectives were to document seed germination and 
seedling production rates after one year in situ, and compare seed germination in grazed and non-grazed prairie habitat in the 
Sheyenne National Grassland (SNG) in southeastern North Dakota. Of 18,717 planted seeds, we recovered 1,561 swollen 
embryos, 94 protocorms, and 51 seedlings. We documented no difference in germination rate between seeds planted in grazed 
versus non-grazed prairie. However, our results suggested that 15 new flowering orchids may be produced from each flowering 
orchid that survives the growing season on the SNG. Thus, our findings confirOl. successful production of western prairie fringed 
orchid seedlings after one year in situ. Further research is needed to evaluate potential impacts of livestock grazing on other 
stages ofthe orchid life cycle, particularly protocorm and seedling survival rates. 
KEY WORDS germination, grazing, North Dakota, orchid, Platanthera praeclara, seedling survival, threatened species 
The U.S. Fish and Wildlife Service (1989) listed the 
western prairie fringed orchid (Platanthera praeclara) as a 
threatened species. The range of the orchid, once more 
extensive (Bowles 1983), currently extends through Kansas, 
Missouri, Iowa, Nebraska, Minnesota, eastern North Dakota 
and into southeastern Manitoba. The plant is no longer 
found in South Dakota and Oklahoma, and populations have 
been reduced in Iowa, Kansas, Missouri and eastern 
Nebraska (Alexander 2006). Major threats to the orchid 
include habitat disruption, land-use practices that interfere 
with orchid growth and reproduction, and hydrologic 
changes. 
This study was conducted on the Sheyenne National 
Grassland in southeastern North Dakota (Ransom and 
Richland counties) where a population of blooming orchids 
fluctuates between several thousand and 15,000 plants 
(Alexander 2006). The orchid grows near tallgrass prairie 
plant communities at various positions from wetland 
bottoms (swale) to side slopes (hummocks) of remnant 
Pleistocene sandy beach ridges and sand dune fields 
(Bowles 1983). The orchid population shifts up and down 
these wetland slopes and into the swales between the beach 
ridges and dune troughs in response to changes in moisture 
levels (Sieg and King 1995, Wolken 1995, Hof et al. 1999). 
The western prairie fringed orchid population in the 
Sheyenne National Grassland has been monitored for over 
two decades, but there remains a lack of scientific 
documentation of many aspects of its biology, ecology, and 
phenology; as well as impacts of management actions 
(Bjugstad-Porter 1993, Rasmussen 1995). It is assumed 
lCorresponding author email address: donald.kirby@ndsu.edu 
from available evidence that western prairie fringed orchids 
reproduce almost entirely (99%) through seeds (Alexander 
2006). The orchid also can reproduce vegetatively by 
producing a new perennating bud and primary tuber during 
the growing season. This perennating bud may develop into 
a new shoot and root system which may develop into a new 
plant the next growing season. It is thought that vegetative 
reproduction can sustain a population temporarily, but 
growth from seeds is essential for continuing the population 
(Bowles 1983). The necessity to reproduce from seed may 
be especially true in the Sheyenne National Grassland where 
hummock-swale (dune and trough) topography, local 
hydrology, and sandy soils exaggerate effects of flooding 
and drought (Hof et al. 1999, Sieg and Wolken 1999, 
Wolken et al. 2001). 
A model developed by Sieg et al. (1998) projected a 30% 
reduction in orchid population growth rates in grazed 
pastures compared to non-grazed pastures. The USDA 
Forest Service (2001) suggested protecting either 30% or 
50% of the "core" allotments (the area containing most of 
the orchid populations) in the Sheyenne National Grassland 
to increase population growth rates of the orchid. A 
subsequent model developed by Sieg et al. (2003a, b, c) 
corroborated enhanced population growth rates associated 
with protecting 30% of core allotments from grazing during 
the orchid growing season. The authors suggested that 
cattle grazing could enhance orchid reproduction by creating 
regeneration niches for the orchid but that this hypothesis 
had not been tested. Much of the literature emphasizes that 
effects of grazing can only be ascertained by long-term, 
Alexander et a!. . In Situ Development of an Orchid 
replicated direct experimental studies (Sieg and King 1995). 
Thus, our objectives were to 1) compare the impact of cattle 
grazing and exclusion on western prairie fringed orchid seed 
germination, 2) document the phenology of western prairie 
fringed orchid seed germination after one year in situ, and 3) 
calculate germination and seedling production rates of 
western prairie fringed orchid after one year in situ. 
METHODS 
Four orchid habitat areas were selected for this study, 
including 2 areas in twice-over grazed pastures (South 
Venlo: 46° 26.728' N; 97° 24.628'W and East Venlo: 46° 
26.660' N; 97° 23.246'W) and 2 in cattle exclosures 
(Penberthy: 46° 28.570'N; 97° 23.788' Wand Bjugstad: 46° 
26.862' N; 97° 22.622'W). Cattle exclosures had been in 
place and non-grazed for at least 15 years. Average long-
term growing season (April-October) precipitation for the 
study area was 44.8 cm; precipitation during 2003 and 2004 
was 38.7 and 50.9 cm, respectively. 
During September 2003, we collected orchid capsules (n 
= 30) from orchids growing on private property. Care was 
taken to gather capsules from top, bottom, and middle of the 
seed head. We weighed, measured, and stored capsules in 
glass vials in the laboratory until early October 2003 when 
seeds were removed from each capsule, emptied into a 
crucible, cleaned of debris, and thoroughly mixed. We 
examined at least 100 seeds from each capsule using a 
compound microscope to estimate percentage of seeds 
within each capsule containing viable embryos. We 
considered seeds viable if they contained an embryo 
occupying approximately 50% of the seed's internal space 
(Margaret From, Henry Doorly Zoo, NE, USA, personal 
communication). 
We constructed seed germination packets (n = 120) using 
the method devised by Rasmussen and Whigham (1993). 
For seed packet placement, we divided a 90 m transect into 
30, 3-m segments established in orchid habitat within each 
study area. We randomly buried a single seed packet within 
each of the 3-m segments. We placed packets l-cm deep 
into the ground in mid-October 2003. We wrapped a piece 
of florist wire around one side of the slide jacket and 
secured it to a pole bam spike, metal washer, and cattle tag 
located 1 m east of the packet. Importantly, metal ions are 
extremely toxic to plants (especially seedlings), so the I-m 
distance between the spikes and packet was deemed 
necessary to avoid toxic effects. 
We retrieved seed packets during October 2004 and 
cleaned them of debris. We scraped and pressed seed pack 
contents onto agar plates and subsequently examined 
contents under a dissecting microscope. We evaluated and 
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recorded developmental stages leading to a seedling with a 
true leaf using the following criteria [adapted from Arditti 
(1992) and Sharma (2002)]: Stage 0 = no germination; 
Stage 1 = obviously swollen embryo (double in size), testa 
rupturing or swollen embryo outside of the testa; Stage 2 = 
protocorm elongating, a few rhizoids to an enlarged 
protocorm with many rhizoids; and Stage 3 = tip of first leaf 
forming to a developed seedling with 2:2 leaves, root initial 
apparent. 
We transformed data using arcsine transformations due 
to non-normality and/or non-homogeneity of variance. We 
used the Shapiro-W ilk normality statistic to test for 
normality and the Bartlett test for homogeneity (Zar 1999). 
We analyzed differences between grazed and non-grazed 
treatments for all seed germination stages using a one way 
analysis of variance (ANOV A; SPSS 2001); results were 
considered significant at P < 0.05. 
RESULTS 
We examined 18,717 seeds from the buried packets at 
the end of one year in situ. Of the seeds examined, 5,427 
(29%) did not contain viable embryos. A total of 1,706 
seeds (9%) had imbibed water and developed enough to 
double their size (Stage I) and rupture seed coats (Fig. 1). 
Additionally, 94 seeds (0.5%) developed to the protocorm 
stage (Stage 2; Fig. 1) and 51 seeds (0.4%) developed into 
seedlings (Stage 3; Fig. 2). 
Of 13,290 viable seeds, 12.8% demonstrated some 
germination response, 11.7% of the embryos doubled in 
size, 0.7% developed to the protocorm stage, and 0.4% 
developed to some seedling stage from one to two leaves. 
We documented no differences (P > 0.05) in germination 
rates for all germination stages between grazed and non-
grazed plots. Seeds that were considered viable and 
developed any type of germination response averaged 
12.4% and 13.5% for the grazed and non-grazed treatments, 
while the number of swollen seeds averaged 11.4% and 
12.4% for the same treatments. Both grazed and non-grazed 
treatments averaged 0.7% of seed developing to the 
protocorm stage with 0.4% developing to the seedling stage. 
We estimated a 0.004 probability of seedling production 
in the first year after planting and a 0.007 probability of 
proto corm production. Using previous estimates of seedling 
survival rates (25%), seeds (x = 9,825) per capsule, and 
capsules (x = II; Armstrong et a!. 1997, Alexander 2006), 
approximately 12 adult orchid plants would be produced 23 
years after seed production and 132 new orchid plants could 
be produced from each surviving flowering orchid each 
year. 
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Figure I . Germinating western prairie fringed orchid seeds recovered from seed packets after one year in situ. 
Figure 2. Western praIrIe fringed orchid seedling recovered from a seed packet after one year in situ. 
DISCUSSION 
Armstrong et al. (1997) recovered approximately 100 
proto corms from seed packets which resulted in about a 
0.0056 probability of protocorm production from seed . 
They estimated that only 25% of seedlings survive to form 
an adult plant, an average of 25% of newly produced plants 
flower, and that 75% become vegetative. Our data 
Alexander et al. . In Situ Development of an Orchid 
documented a 0.007 probability of protocorm production 
which is similar to Armstrong et al. (1997). However, many 
protocorms do not survive to form adult plants in culture 
(Rasmussen 1995). Data regarding the survival rate of 
protocorms in situ are not available but would contribute to 
an understanding of the reproductive potential and 
recruitment of this orchid. 
Although we only estimated a 0.004 probability of orchid 
seedling production in year one from seeds planted in situ, 
seeds not germinating the first year may germinate in 
subsequent years which could increase flowering orchid 
production from a seed lot over our estimate. Stoutamire 
(1974) observed seeds continuing to germinate for 12 
months in culture. No published data are available on seeds 
and protocorms that continue development in situ to 
produce seedlings in subsequent years. A study of the 
longevity of orchid seeds in situ, as well as their continuing 
development in subsequent years, may yield valuable 
information to help establish the long-term reproductive 
potential of this plant and its ability to resist catastrophic 
habitat changes. 
To our knowledge, phenology of western prairie fringed 
orchid growth from seedling to flowering in situ has not 
previously been documented. Thus, our findings provide 
the first published account of orchid development from seed 
to seedling within the first 12 months in situ. Our findings, 
that no large seedlings were recovered in October, suggests 
that above-ground growth in the first year is unlikely, and 
above-ground vegetative growth (and possibly flowering) is 
probable and may occur in the second year after seed 
production. 
Our analyses compared the germination response of 
artificially planted orchid seeds in grazed and non-grazed 
areas. Further, our findings of no observable trend or 
differences between germination rates in grazed versus non-
grazed areas suggest that the microclimate beneath the soil 
in grazed and non-grazed orchid habitat does not vary in 
ways that impact orchid seed germination to the 1 to 2 leaf 
seedling stage during the first 12 months after seed 
placement in the soil. 
MANAGEMENT 1M PLICA TIONS 
Cattle presence in orchid habitat could impact survival of 
orchid proto corms and seedlings directly such as being 
grazed or trampled, or indirectly through subsequent soil 
erosion and soil moisture depletion. Further research is 
necessary to better understand how grazing cattle can 
directly and indirectly impact western prairie fringed 
orchids during early stages of its lifecycle. Since seed 
germination is only a small part of the lifecycle of this 
orchid, a study of seedling establishment and growth to 
flowering between grazed and non-grazed (or disturbed 
versus undisturbed) areas across dry and wet climatic cycles 
is a critical need to further assess the impact of grazing on 
the orchid population in the Sheyenne National Grassland. 
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Seed Production and Maturation of the Western Prairie Fringed Orchid 
BONNIE WARNER ALEXANDER, DONALD KIRByl, MARIO BIONDINI, AND EDWARD 
DEKEYSER 
Department of Science, Valley City State University, Valley City, ND 58072, USA (BWA; deceased) 
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ABSTRACT A population of threatened western prairie fringed orchid (Platanthera praeclara) was selected in 2004 on the 
Sheyenne National Grassland in southeastern North Dakota to study seed production and maturation for future use in population 
viability modeling. We randomly collected 30 seed capsules from the population under a permit from the U.S. Fish and Wildlife 
Service to: 1) identify capsule parameters that might be correlated with seed number and viability, 2) estimate an appropriate 
sample size to obtain accurate seed production estimates, 3) quantify seed production and viability per seed capsule, and 4) 
document temporal patterns in seed embryo development. We found that the number of seeds per capsule was weakly correlated 
with capsule weight (R2 = 0.23, P = 0.04), while the proportion of viable seeds within a capsule was weakly correlated with 
capsule length (R2 = 0.20, P = 0.01) and capsule circumference (R2 = 0.17, P = 0.04). However, seed production and embryo 
viability varied extensively in our study to the extent that capsule measurements were not reliable indicators of fecundity or 
fertility. Our study provides guidance for the sample size required to make statistical inferences regarding seed production and 
seed viability in western prairie fringed orchid populations. Our data also suggest that orchid seeds undergo maturation up to the 
time of capsule dehiscence based on increases we observed from August to September in seed weights and proportion of large 
embryos. Our observations reinforce the importance of moratoriums on grazing and mowing in some areas of orchid habitat until 
after mid-September. 
KEY WORDS North Dakota, orchid, Platanthera praeclara, seed production, seed viability, threatened species 
The U.S. Fish and Wildlife Service (1989) listed the 
western prairie fringed orchid (Platanthera praeclara) as a 
threatened species in 1989. The species has declined in 
numbers and range extent primarily due to conversion of 
prairie to cropland (Bowles 1983). Western prairie fringed 
orchids grow in or on the edges of wetlands and in mesic 
tallgrass prairie. Local extinctions and recolonizations have 
been observed on a regular basis in populations of western 
prairie fringed orchids in the Sheyenne National Grassland 
and are characteristic of some metapopulations (Husband 
and Barrett 1996, Hof et al. 1999, Sieg et al. 2003a, b, c). 
The current range of the western prairie fringed orchid 
extends through Kansas, Missouri, Iowa, Nebraska, 
Minnesota, eastern North Dakota and into southeastern 
Manitoba. The plant is no longer found in South Dakota 
and Oklahoma, and populations have been reduced in Iowa, 
Kansas, Missouri, and eastern Nebraska (Alexander 2006). 
Our study was conducted on the Sheyenne National 
Grassland, managed by the U.S. Forest Service, in 
southeastern North Dakota. The orchid population in the 
Sheyenne National Grassland has been monitored for 
decades, yet there remains a lack of scientific knowledge of 
many aspects of its biology, ecology, and phenology, in 
addition to impacts of grazing management actions. 
Armstrong et al. (1997) established the need to collect 
data on seed production and phenological events in the life 
history of the orchid. They reported that the western prairie 
1 Corresponding author email address: donald.kirby@ndsu.edu 
fringed orchid reproduces 99% through seeds although the 
orchid can also reproduce vegetatively. Bowles (1983) 
speculated that vegetative reproduction can sustain a 
population temporarily but growth from seeds is critical for 
the survival of this species. Reproduction from seeds may 
be especially critical in the Sheyenne National Grassland 
where topography, local hydrology, and sandy soils 
exaggerate effects of flooding and drought. Regular 
flooding and drought cycles result in annual shifting orchid 
habitat locations (Hof et al. 1999). An accepted 
conservation theory is that if seed production were to drop 
below some mInimum critical number, the orchid 
population might decline (Sieg et al. 2003a). However, no 
such minimum critical number has been established for the 
western prairie fringed orchid. Some of the most significant 
threats to orchid survival and reproduction are disruption of 
habitat, land-use practices that prevent growth and 
reproduction, and hydrological changes that permanently 
alter orchid habitat (Armstrong et al. 1997). 
Orchid seed capsules begin to form after the flowers are 
pollinated in mid- to late- July in the Sheyenne National 
Grassland. Although no standard for classifying capsules 
has been developed, capsules can be roughly categorized as 
plump, inflated, partially inflated, twisted, and atrophied 
(Sieg et al. 2003c, Erickson et al. 2006). Atrophied capsules 
have been found to have no seeds while twisted and 
partially inflated capsules contained about half as many 
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seeds as plump capsules (Sieg et al. 1998, Erickson 2003). 
The seed of the western prairie fringed orchid, like that of 
most orchids, contains no endosperm and holds tiny 
embryos with little other tissue (Sharma 2002). Collection 
of data on proportion of seeds containing viable embryos is 
critical to the ongoing management of the orchid. 
Seed capsules remain green to the end of the growing 
season, often beyond when the plant has atrophied. In the 
Sheyenne National Grassland, green capsules usually 
develop in early August and turn yellow in mid- to late-
August before maturation in mid-September. Mature seeds 
are released through slits in the ripe capsule once the plant 
has become dormant and the capsule has dried. Seed release 
usually occurs in mid-September in the Sheyenne National 
Grassland (Wolken 1995, Sieg et al. 1998). Current 
livestock grazing management strategies are based on the 
assumption that viable seeds are not present in green and 
yellow seed capsules. However, researchers and 
commercial orchid growers wishing to germinate seeds in 
culture have collected orchid seeds from closed green and 
yellow capsules (B6hm 1996, Zettler et al. 2001, Sharma 
2002, Royal Botanical Garden Kew 2003). If a majority of 
viable seeds are produced prior to mid- September, this 
could have implications for the timing of grazing and 
mowing strategies. 
Thus, our research objectives were to identify capsule 
parameters that might be correlated with seed number and 
viability, estimate an appropriate sample size to obtain 
accurate seed production estimates, quantify seed 
production and viability per seed capsule, and document 
temporal patterns in seed embryo development. 
METHODS 
We conducted our study on the Sheyenne National 
Grassland (SNG; 46° 28' N latitude, 97° 16' W longitude) 
approximately 80 km southwest of Fargo, North Dakota, 
USA. Long-term growing season (April-October) 
precipitation for the study area averaged 44.8 cm; 38.7 and 
50.9 cm were recorded in 2003 and 2004, respectively. We 
obtained a permit (TE091284-0) from the U.S. Fish and 
Wildlife Service in 2003 to collect western prairie fringed 
orchid seeds on the SNG. In 2004, we counted all flowering 
orchids having inflated capsules and showing no sign of 
seed predation or damage in a roadside ditch approximately 
5 km north of McLeod, North Dakota. We harvested seed 
capsules from ten randomly selected orchids every 10 days 
between 21 August and 9 September 2004. On each 
collection date, we divided orchid inflorescences into thirds 
by visual estimation and subsequently counted and 
classified all capsules as plump, inflated, twisted, or 
atrophied (Fig. 1). We randomly harvested seed capsules 
from each level of inflorescences to account for possible 
maturity differences; we collected a minimum of 3 capsules 
from the bottom one-third, three from the middle one-third, 
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and three from the top one-third of the inflorescence. Dut 
to limited orchid numbers, we collected capsules from 
plants two or more times. 
We weighted and measured circumference, diameter, and 
length of fresh capsules. We removed and stored seeds in 
petri dishes until processed. During processing, we cleaned 
seeds of debris and subsequently weighed, counted, and 
examined them for presence of embryos using a dissecting 
microscope at 30X. We placed a grid on the bottom of a 
petri dish to facilitate examination and accurate counting; 
we used mechanical counters to increase accuracy. 
Depending on the number of seeds present, we examined 
500-5,000 seeds from each capsule for the presence of 
embryos. We recorded numbers of seeds containing 
embryos and classified the embryos as: 1) None, 2) Small 
(occupying approximately half the testa space, may not be 
capable of germination), and Large (occupying more than 
half the testa space, considered capable of germination) 
(Margaret From, Henry Doorly Zoo, personal 
communication; Fig. 2). To estimate percentages of small 
and large embryos, we measured 100 embryos under a 
Nikon compound light microscope at 40X (Nikon 
Instruments Inc, Melville, NY, USA). Additionally, we 
measured and subsequently recorded length and width of the 
testa and embryos. 
We analyzed the data using SPSS for Windows (2001). 
We used the Shapiro-Wilk normality statistic to test for 
normality and the Bartlett test for homogeneity of variance. 
We applied arcsine square root transformations due to non-
normally distributed data. We estimated capsule volume 
using a prolate spheroid equation 4/3nab2 (where a = length 
and b = width) and the number of samples (capsules) needed 
for an accuracy of ± 10% or ± 20% and a precision of 95% 
following procedures described by Bonham (1989). We 
used simple linear regression (Weisberg 1980) to analyze 
effects of capsule length, diameter, circumference, volume, 
and weight (predictor variables) on seed number per capsule 
and percent viable seeds per capsule (response variables). 
RESULTS 
Capsules and Seeds 
Ten capsules each were collected on 21 August, 31 
August, and 9 September, respectively. Fresh capsule 
weight exhibited a wide range of values (0.005 g to OAO g) 
and was weakly correlated with seed number (R2 = 0.23, P = 
0.04). Capsule length and circumference were also weakly 
correlated with the percent of potentially viable embryos in 
the capsules (R2 = 0.20, P = 0.01; R2 = 0.17, P = 0.04; 
respectively). Capsule diameter and volume were not 
correlated with seed number or the number of seeds 
containing potentially viable embryos. 












Figure 1. Example of inflated, partially inflated, and atrophied capsules on a western prame fringed orchid (Platanthera 
praeclara) . 
~m 1 2 3 4 5 
Figure 2. Photograph illustrating western prairie fringed orchid (Platanthera praeclara) seeds containing no embryos, small 
embryos, and large embryos. 
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Embryos 
All embryos measured were ovoid and hyaline, a 
distinction that is easy to make under the microscope. 
Small and large embryo average length and width were 1.5 
x 0.9 and 1.9 x 1.1 J.!m respectively. All structures smaller 
than 0.9 J.!m by 0.5 J.!m observed inside the testa appeared as 
dark linear structures, not ovoid or hyaline, and therefore 
were not considered viable. 
Seed Viability 
We estimated a mean of 8,681 seeds per capsule of 
which 80% or nearly 7,000 were embryonated seeds. 
However, if only the seeds containing large embryos were 
considered viable (39%), an average capsule contained 
approximately 3,000 fewer viable seeds than if all embryos 
were considered viable. Seeds containing no embryos 
averaged 20% of the mean seeds per capsule. 
Date of Capsule Collection 
The proportion of large embryos per capsule nearly 
doubled (27% to 50%) between August and September, but 
the differences were only marginally significant (P :0; 0.09). 
Seed number increased minimally as the season progressed, 
with the percentage of large embryos in capsules increasing 
and the percentage of small embryos decreasing. 
Capsule Position 
Mean seed numbers were not different (P > 0.05) among 
capsule positions. In addition, the percentage of seeds that 
contained potentially viable embryos revealed no difference 
among tier levels (P > 0.05). However, lower proportions 
of embryonated seeds were found in 69% and 89% of top-
tier and bottom-tier capsules, respectively. 
Estimated Sample Size 
Sample size necessary for estimating viable seed number 
from fresh capsules with an accuracy of ± 10% or ± 20% 
and a precision of95% decreased from August to September 
(127 versus 118 or 32 versus 29, respectively). Sampling 
for the potential viability rate based on September embryo 
status would require 84 or 21 capsules with an accuracy of ± 
10% or ±20%, respectively. 
DISCUSSION 
Robust statistical analyses on the reproduction of this 
orchid are difficult due to wide annual variations in seed 
numbers, capsule measurements, percentage of viable 
embryos, and necessary constraints on the collection and 
handling of the reproductive parts of this threatened plant. 
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Those difficulties aside, this study generated some useful 
parameters for estimating seed number, examining embryo 
viability, and categorizing and classifying capsules. 
It is important in managing a federally threatened plant 
to have research-based sampling techniques for estimating 
seed production and embryo viability rates. Ideally, these 
sampling techniques can be used in the field with minimal 
disturbance to the orchid. In monitoring and research 
studies on the orchid, capsule diameter often has been used 
as an indicator of seed number and embryo viability. Our 
results yielded no significant correlation between capsule 
diameter and seed numbers. Both seed production and 
embryo viability varied extensively in our study to the 
extent that capsule measurements were not reliable 
indicators of fecundity or fertility. We found that fresh 
capsule weight was the most important predictor and should 
be used for estimating seed numbers in harvested capsules. 
Seed number per capsule and embryo viability estimates 
for the western prairie fringed orchid varies widely in the 
literature. Our seed numbers per capsule ranged from 1,938 
to 17,028, and embryo viability, based on embryo status, 
ranged from 11 % to 100%. Mean seed number per capsule 
(9,825) in our study was lower than that of Richardson et al. 
(1997; x= 21,618) and approximated that of Erickson et al. 
(2006; x= 15,000), but mean viability in our study was 
higher (80%) than in these previous studies. Whether these 
differences resulted from differences in the method of seed 
counting and viability determination or from variation in 
growing conditions during the sampling years is unknown. 
Since seed production and embryo viability estimates are 
used in models to project the survival of threatened plant 
species such as the western prairie fringed orchid, it is 
important that sampling techniques are consistent and that 
accurate data are collected and utilized. Future research 
efforts could use our sample size estimations to collect 
capsules, count seeds, determine embryo viability, and 
devise a formula to use for estimating seed production and 
embryo viability for any particular year. By accepting an 
accuracy of ± 20%, only 29 capsules collected in September 
would be required for estimating seed number, and 21 
capsules would be needed for embryo viability rates. These 
sampling levels are desirable and should not impact the 
long-term popUlation of the orchid. 
Most western prairie fringed orchid studies conducted in 
the SNG (Wolken 1995, Sieg et al. 1998) reported that seeds 
are not considered mature until capsules are totally 
atrophied (brown) and dehiscent in mid-September. 
However, calendar dates of capsule dehiscence are missing 
from the literature. Capsules observed in this study were 
beginning to open on 9 September 2004. Collecting or 
disturbing capsules when they are still green, prior to mid-
September in the SNG, may prevent seeds from fully 
maturing (From and Read 1997), and may result in poor 
embryo formation and germination rates. 
The western prairie fringed orchid is dependant on seed 
to maintain populations. Reproduction from seed may be 
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especially critical for orchids in the SNG where topography, 
local hydrology, and sandy soils exaggerate effects of 
flooding and drought, and result in annual shifting of orchid 
habitat. Our study suggests that seed maturation occurs in 
the last few weeks prior to capsule dehiscence. Increase in 
seed weight and percentage of large embryos (27% to 50%) 
as time progressed indicate that a seed maturation process is 
ongoing during late summer. The late season seed coat 
hardening process (Arditti 1992) could result in better 
germination, aid in seed survival in situ by prolonging the 
imbibition of water until conditions are optimal for 
germination, and/or afford the seed long-term protection 
from contamination by fungi and bacteria, thus allowing 
orchid seeds to remain viable in the seed bank for longer 
periods of time. Long-term survival of western prairie 
fringed orchid seeds would be an important survival strategy 
considering the extreme climatic conditions that occur in the 
orchid's habitat (Umbanhower 1991, Sieg and King 1995, 
Running 1996, Hof et al. 1999). 
MANAGEMENT IMPLICATIONS 
To optimize mature seed production, we suggest 
deferment of mowing and grazing until after mid-September 
to allow more orchid embryos to reach full size and for 
seeds to complete the hardening process. More research is 
needed to test for spatial and temporal variation in seed 
numbers and differences in embryo viability, as well as 
fertility and fecundity in the orchid. If managers or 
researchers employ our techniques to estimate seed number 
and embryo viability they should record detailed 
information on date of collection, predation on capsules, and 
employ equal collection of capsules from all positions 
within the inflorescence to account for possible maturity 
effects. We recommend closely observing seed capsules 
starting in early September in order to harvest prior to 
opening and seed dispersal. Additionally, further research 
evaluating longevity of western prairie fringed orchid seeds 
in the environment may be warranted. 
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NOTES 
OBSERVATIONS OF LITTLE BLUE HERONS 
NESTING IN NORTH DAKOTA, AND AN INSTANCE 
OF PROBABLE NATURAL HYBRIDIZATION 
BETWEEN A LITTLE BLUE HERON AND A 
CATTLE EGRET-The little blue heron (Egretta 
caerulea) is native to North America and most commonly 
breeds along the coast of the southeastern United States and 
the Gulf of Mexico through Central America and into South 
America (Rodgers and Smith 1995). In North America, 
little blue herons rarely nest outside their coastal range. 
However, nesting has been documented at several locations 
in the northern plains including Brown, Kingsbury, and 
Charles Mix counties, South Dakota (Naugle et al. 1996, 
Tallman et al. 2002); Pope County, Minnesota (Green and 
Janssen 1975); and possibly in southeastern Saskatchewan 
(Nero and Lein 1971, Smith et al. 1996). In North Dakota, 
there have been several spring and summer observations of 
little blue herons, but nesting has been confirmed only once 
(Jones and Malcolm 1978, Lokemoen 1979). In 1976, Jones 
and Malcolm (1978) observed the first breeding record (6 
nests) for little blue herons in North Dakota at 1. Clark 
Salyer National Wildlife Refuge in McHenry County. Here, 
we report successful nesting attempts of little blue herons, 
and a probable hybrid pairing of a little blue heron and a 
cattle egret, at a multi-species breeding colony at Chase 
Lake National Wildlife Refuge (Stutsman County) in central 
North Dakota. We also describe the water conditions under 
which the heron and egret rookery became established at the 
refuge. 
Chase Lake National Wildlife Refuge (1,77 5 ha) was 
established in 1908 to protect a nesting colony of American 
white pelicans (Pelecanus erythrorhynchos), whose 
numbers had dwindled to a few dozen pairs by the turn of 
the twentieth century. The refuge occurs within the 
Missouri Coteau physiographic region (Bluemle 1991), 
which is characterized by morainic, gently rolling plains 
interspersed with wetlands, prairie pastures, planted 
grasslands, hayfields, and cropland. Chase Lake is a 
shallow, 830-ha alkaline lake that has no outlet and is fed 
largely by ground water and run-off (Swanson et al. 1988). 
During the past two decades, the nesting colony at Chase 
Lake has grown considerably (Sovada et al. 2005), both in 
waterbird abundance and diversity. The refuge currently 
supports tens of thousands of waterbird nests during the 
breeding season, making this the largest mixed-species 
waterbird colony in North Dakota (R. E. Martin, North 
Dakota Birding Society, personal communication). 
The colony'S growth occurred during a period of rapid 
range expansion of ciconiiforms in North America, 
especially in the northern prairie region (e.g., Naugle et al. 
1996, Shaffer et al. 2007). Rising water levels (beginning in 
1993) likely contributed to the rapid establishment of herons 
and egrets at the Chase Lake colony after the original 
nesting islands were inundated and new islands formed as 
peninsulas were cut off from the mainland. The largest of 
the new islands on the southeast side of the lake supported 
many large clumps of tall shrubs. Common chokecherry 
(Prunus virginiana) was the dominant tall shrub, but some 
clumps also contained round-leaved hawthorn (Crataegus 
rotundifolia). In 1995, cattle egrets (Bubulcus ibis) first 
established a colony of about 20 nests in a small clump of 
chokecherries on this island. The cattle egret is native to 
Spain, Portugal, and northern Africa, but has extended its 
distribution worldwide (Crosby 1972, Browder 1973, 
Fogarty and Hetrick 1973, Telfair 2006). Cattle egrets 
arrived in the United States in the mid-1900s (Telfair 2006), 
and first began nesting in North Dakota in 1976 at the same 
colony where Jones and Malcolm (1978) documented the 
first nesting record of little blue herons in the state. The 
egret and heron colony on this island gradually grew in 
numbers and area; in due course, great egrets (Ardea alba), 
snowy egrets (E. thula), and black-crowned night-herons 
(Nycticorax nycticorax) also began nesting in the clumps of 
tall shrubs on the island. By 2007, there were over 1,600 
ciconiiform nests on this island. 
On 8 June 2007, we observed an adult little blue heron 
flying near the nesting island. In the weeks that followed, 
we regularly observed an adult little blue heron perched on 
top of a dead branch in a large chokecherry clump 
containing approximately 87 cattle egret nests, 3 black-
crowned night-heron nests, and 3 snowy egret nests. When 
the shrub clump was approached, the little blue heron 
extended its head and neck horizontally, in what appeared to 
be a defensive posture, while simultaneously vocalizing. A 
similar display was identified as an "alert" behavior by 
Rodgers (1979), who described this behavior as the heron's 
attempt to locate disturbance and inform intra- and 
interpecific neighbors. We did not immediately locate the 
little blue heron nest, but assumed that one was present 
because of our repeated observations (i.e., the island was 
visited every 3-4 days throughout the breeding season) of 
defensive behavior by the adult heron in the same general 
location within the chokecherry clump. In an effort to 
minimize disturbance to nesting birds, including newly 
hatched pelicans, most of our early observations of this 
adult little blue heron were made from a distance. 
On II July 2007, we approached the site and located the 
stick nest that was defended by the single adult little blue 
heron. The nest was about 1.5 m above ground in a 
chokecherry and contained two nestlings, about one-quarter 
adult size. The plumages of both nestlings were white with 
smoky-gray tipped outer primaries, a diagnostic character of 
little blue heron nestlings and juveniles (Rogers and Smith 
1995). The bare parts of the nestlings were characteristic of 
nearby cattle egret nestlings and included dark-gray colored 
bills, lores, legs, and feet. We did not observe an adult 
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cattle egret attending to the young, although there were 
many adult cattle egrets nesting within close proximity 
«0.05 m) of the little blue heron nest. Based on the 
intermediacy of characters (i.e., color of the nestlings' 
plumage, bill, lores, and legs; the smoky-gray color of the 
outer primary tips) and the absence of a second adult little 
blue heron, we concluded that the nestlings were the 
progeny of a hybrid pairing of a little blue heron and a cattle 
egret. Although not commonly reported (McCarthy 2006), 
hybrid relationships involving herons and egrets have been 
reported in the literature (Kushlan and Hancock 2005). 
Published hybrid pairings included little blue heron and 
cattle egret in California (Bailey et al. 1989), little blue 
heron and tricolored heron in Arizona (Phillips et al. 1964), 
little blue heron and snowy egret in Florida (Sprunt 1954) 
and California (DeSante et al. 1973), snowy egret and cattle 
egret in Texas (Telfair 1983), and tricolored heron and 
snowy egret in South Dakota (Meeks et al. 1996). The adult 
little blue heron associated with this hybrid nest was 
observed near the two juveniles until they joined groups of 
juvenile cattle and snowy egrets and night-herons in late 
July or early August. On 9 August 2007, one of the fledged 
hybrid juveniles was observed within 5 m of the hybrid nest 
with a group of adult and juvenile cattle egrets; the dark-
gray coloration of the bare parts had not changed but the 
smoky-gray tipped primaries were more pronounced than 
when first observed on 11 July 2007. We observed 
hundreds of cattle egret young, and none exhibited this 
character (i.e., dark-tipped primaries), either as a nestling or 
as a fledgling. 
On 17 July 2007, four adult little blue herons were 
observed flying in circles over the shrub clump containing 
the hybrid nest; this was the only day four adult little blue 
herons were observed. On 25 and 26 July and 3 August, 
two adult little blue herons were observed standing several 
meters from the hybrid nest and exhibiting the same 
defensive postures mentioned above. On 9 August 2007, 
we identified a second little blue heron nest, located 
approximately 2.5 m from the site of the hybrid nest. The 
stick nest was about 2 m above the ground in a chokecherry; 
three recently fledged juveniles (about one-third adult size) 
were standing on a branch near the nest. All three juveniles 
had white plumages, smoky-gray tipped outer primaries, and 
greenish-yellow legs, feet, and loral areas, all of which are 
characteristic of young little blue herons (Rodgers and 
Smith 1995). Their bills were greenish-yellow at the base 
that faded to bluish pink and culminated with a light gray 
tip. A digital video camera was deployed at this nest from 
9-15 August 2007 to document activity at the nest. Two 
adult little blue herons were recorded feeding the three 
juveniles on several occasions. There were no recordings of 
cattle egrets interacting with the three young from the 
second nest. 
Chase Lake has unique features (i.e., large lake with 
islands) that attract large congregations of colonial-nesting 
waterbirds, including thousands of pelicans, double-crested 
The Prairie Naturalist· 42( 112): June 2010 
cormorants (Phalacrocorax auri!us), gulls (Larus sPp.), 
herons, egrets, white-faced ibises (Plegadis falcinellus), 
terns (Sterna spp.), and night-herons. Because of its high 
alkalinity, in most years Chase Lake does not support fiSh, 
tiger salamanders (Ambystoma tigrinum), or other aquatic 
vertebrates (Sovada et al. 2005), which are important items 
in the diets of many colonial-nesting waterbirds, including 
herons, egrets, and ibises (Ohlendorf et al. 1974, 1979). For 
example, the little blue heron prefers small fish (i.e., 1-2 cm 
long) in its diet (Kushlan 1978). Given this situation, the 
little blue herons, as well as many of the other colonial-
nesting waterbirds at the Chase Lake colony, are forced to . 
forage elsewhere in nearby wetlands (Sovada et al. 2005). : 
The cattle egret, on the other hand, has been described as an 
opportunistic feeder, foraging primarily on grasshoppers, 
crickets, frogs, toads, or almost any other small animals that 
adults encounter (Jenni 1973). Thus, the cattle egret has 
foraging options near their nesting sites, and we have 
observed them feeding on terrestrial insects on the island. 
In conclusion, the presence of other colonial nesting 
waterbirds (Burger 1981), recent changes in water 
conditions (Naugle et al. 1996), and prevalence of tall 
shrubs for nesting (Naugle et al. 1996) likely provided 
attractive nesting conditions for the little blue heron and 
other species of egrets and herons at Chase Lake. 
Lokemoen (1979) predicted that the status of ciconiiforms 
in North Dakota would undergo rapid changes in future 
years, including that little blue herons would start breeding 
in more areas in the state. Our observations documented the 
second nesting record of little blue herons in North Dakota, 
and this record has been accepted by the North Dakota Bird 
Records Committee (Record No. 07-052; D. Svingen, North 
Dakota Records Committee, personal communication). Our 
observations also provided evidence for the second hybrid 
pairing of a little blue heron and a cattle egret in North 
America (Bailey et al. 1989). It is unknown whether nesting 
little blue herons will persist at the Chase Lake colony or 
whether the species has extended its breeding range into the 
Dakotas. Members of the Manitoba Avian Research 
Committee (2003) have suggested that the northerly nesting 
records of the little blue heron in Minnesota and the Dakotas 
do not represent a permanent range extension for nesting. 
Persistence of nesting by little blue herons at Sand Lake 
National Wildlife Refuge in Brown County, South Dakota, 
since 1980 (Tallman et al. 2002) would argue against that 
statement. During subsequent visits to the Chase Lake 
colony in 2008 and 2009, we observed adult little blue 
herons exhibiting defensive behaviors in the colony, 
indicating that the species continues to nest on the island. 
We thank the U.S. Fish and Wildlife Service for 
providing logistical support and R. O. Woodward, S. L. 
Peterson, and R. M. Buchheit for field assistance. Chad P. 
Lehman, Ron E. Martin, David M. Mushet, Dan Svingen, 
Raymond C. Telfair II, and one anonymous reviewer 
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BAT SURVEY ALONG THE MISSOURI RIVER IN 
CENTRAL SOUTH DAKOTA~Bats are efficient 
predators of night-flying insects (Whitaker 1993), 
particularly in urban, agricultural, and forested areas in 
South Dakota (Kiesow 2004). In South Dakota, 6 bat 
species are considered rare and presently monitored by the 
South Dakota Natural Heritage Program (SDNHP; South 
Dakota Natural Heritage Program 2002). Because bats 
serve a vital ecosystem function there is an increased need 
to conserve bats and their habitats. Hence, the objectives of 
this project were to determine bat species richness along the 
Missouri River in central South Dakota. 
We conducted surveys of bats using mist-nets and 
acoustic detection from early May to early October 2003-
2005. We sampled survey sites ~ 7 nights each year starting 
45 minutes before sunset to 4-5 hours after sunset (total of 
80 mist-net hours) during optimal survey conditions (light 
wind [0-8 kph] , no precipitation, and warm temperatures 
[16-27° C]). According to Swier (2003), only l.5% of 
eastern South Dakota was considered wooded, which 
included shelterbelts, riparian areas, forests, and shrub lands. 
Our target area for sampling, according to objectives set 
forth by the South Dakota Bat Management Plan, was to 
survey riparian areas along the Missouri River in central 
South Dakota. Most riparian areas and forests occur on 
state and federal lands, thus we randomly selected survey 
sites along the Missouri River in central South Dakota based 
on presence of relatively intact habitat consisting of (living 
and dead) cottonwood (Populus deltoides) trees in riparian 
areas. Our survey sites occurred on state lands, including 
Farm Island Nature Area, La Framboise Nature Area, and 
Oahe Downstream Recreation Area near Pierre, South 
Dakota (Fig. I). (Farm Island Nature Area was selected 
based on past surveying efforts by Swier [2003].) 
We captured bats using 4 mist-nets of 2 different sizes 
(i.e., 6 m and 12 m long) stretched between two 4.5 m poles. 
We recorded sex, reproductive status, forearm length, age 
(juvenile or adult, based on presence of the epiphyseal plate 
in the second digit), and body weight for each newly 
captured bat. Also, we cut a small section of hair from the 
rump to detect recaptured animals; recaptured individuals 
were immediately released unless individuals had a band. 
We recorded band number, reproductive status, forearm 
length, and body weight for all banded individuals that we 
recaptured. We analyzed mist-net data by examining 
frequency distributions, boxplots, and quantile plots by site 
using the statistical software program, JMP-INTM 4.0 (SAS 
Institute, Cary, North Carolina, USA). 
We collected bat calls using an unattended bat detector 
(0-980 Pettersson Electronik, Uppsala, Sweden) placed 4 m 
above ground. We recorded bat calls for the duration of 
mist-net sampling directly onto a laptop computer. We 
analyzed all bat calls using full spectrum acoustic analysis 
of frequencies, bandwidths, call intervals, heels, slopes, and 
duration using a bat analysis software program (SonoBat™, 
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Sonobat, Arcata, CA, USA). We compared reference calls 
from bats collected in this region to calls collected during 
this study using sonograms (i.e., time-frequency displays). 
We captured 30 individuals via mist-nets and 
documented 7 species of bats (mist nets [n = 5] and acoustic 
sampling [n = 7]), including northern myotis (Myotis 
septentrionalis; mist-net [n = 14], acoustic [n = 24]), little 
brown myotis (M. lucifugus; mist-net [n = 12], acoustic [n = 
30]), hoary bat (Lasiurus cinereus; mist-net [n = I], acoustic 
[n = 10]), silver-haired bat (Lasionycteris noctivagans; mist-
net [n = 0], acoustic [n = 23]), big brown bat (Eptesicus 
fuscus; mist-net [n = I], acoustic [n = 46]), red bat (L. 
borealis; mist-net [n = 2], acoustic [n = 10]), and western 
small-footed myotis (M cilolabrum; mist-net [n = 0], 
acoustic [n = 4]). Northern myotis (n = 14; 43% male, 50% 
female, and 7% unknown) and little brown myotis (n = 12; 
42% male, 42% female, and 16% unknown) were the most 
commonly (84% of captured bats) captured species via mist-
net sampling. We captured pregnant females using mist-
nets during June, and subsequently noted lactation from 
June to July (earliest 29 June) and first occurrence of volant 
young in mid-September (earliest 17 Sept.). 
On 9 September 2004 at Farm Island Nature Area, we 
recaptured a northern myotis that was originally captured 
and banded by Swier (2003) on 25 July 2002 at Farm Island 
Nature Area. The bat weighed 9.3 g, and we estimated the 
age as 3 years old. Swier (2003) identified this bat as a 
post-lactating female adult that weighed 7.7 g. 
Similar to previous surveys by Swier (2003), Lane et al. 
(2003), and Bales (2007), we documented the same seven 
species along the Missouri River of which two, northern 
myotis and silver-haired bat, are considered rare and 
presently monitored by the SDNHP. Little is known about 
the ecology of northern myotis in South Dakota (Jones and 
Genoways 1967); however, they are likely restricted to 
ponderosa pine (Pinus ponderosa) forests in the Black Hills 
and cottonwood forests along the Missouri River (Kiesow 
2004). Silver-haired bats use large dead or dying ponderosa 
pines as roosting sites in the Black Hills (Mattson et al. 
1996). Little is known about the silver-haired bats in South 
Dakota outside of the Black Hills, but, in general, silver-
haired bats inhabit both coniferous and deciduous forests 
and riparian areas along waterways (Kiesow 2004). It is 
likely that northern myotis and silver-haired bats are using 
wooded areas along the Missouri River for roost sites and 
migration routes. However, riparian areas with living and 
dead trees of all age classes are relatively sparse in the 
plains region of South Dakota, largely due to existing land 
practices. During this study, we documented the likely 
importance of riparian corridors to bats in the plains region 
and believe the Missouri River may serve as a migration 
corridor for many bat species. Thus, protecting riparian 
areas may be necessary for conservation of bats in South 
Dakota. 
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Figure 1. Sample sites (Oahe Downstream Recreation Area, LaFramboise Nature Area, and Farm Island Nature Area) alonf 
Missouri River in central South Dakota, 2003-2005. 
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NOTES 
EVALUATING THE IMPACTS OF BLACK-
TAILED PRAIRIE DOGS ON VEGETATION IN 
TRADITIONAL AND NON-TRADITIONAL 
HABITATS-The wildland-urban interface (WUI), defined 
as areas where human development meets undeveloped 
wildland (Radeloff et al. 2005), is a focal area for human-
wildlife interactions in many communities of the western 
United States, particularly in those areas that have 
experienced rapid and expansive human population growth. 
Since 1960, conversion of rural to urban land has more than 
doubled in the United States (Theobald 2001). The eastern 
front range of the Rocky Mountains has experienced one of 
the most rapid urban expansions in the country, with 
approximately 110,000 hectares of undeveloped rural land 
being converted to human-developed land every year 
between 1992 and 1997 (Obermann et al. 2000, Maestas et 
al. 2001). In grassland remnants within the WUI, many 
native wildlife species, including black-tailed prairie dogs 
(Cynomys ludovicanus), persist and land managers are faced 
with decisions about how to manage these wildlife 
populations. 
Black-tailed prame dogs are colonial, semi-fossorial 
rodents that thrive in a multitude of urban landscapes (e.g., 
vacant lots, prairie and agricultural remnants, road medians; 
Hoogland 1995, Johnson and Collinge 2003, Magie and 
Crooks 2008). Although this species can survive in non-
traditional habitats, wildlife management plans strive to 
contain or relocate prairie dog populations to traditional 
prairie habitats (e.g., Fort Collins Natural Resources 
Division 1998, Boulder County Grassland Ecosystem 
Management Plan 1999). Allowing prairie dogs to persist in 
non-traditional habitats is contentious because their 
populations can spread to undesired locations (e.g., golf 
courses, private lawns), they increase removal of vegetation, 
and may facilitate invasion by exotic plant species (O'Melia 
et al. 1982, Zinn and Andelt 1999). However, despite these 
common perceptions, the impact that black-tailed prairie 
dogs have on vegetation structures of urban landscapes has 
not been extensively studied. 
Because urbanization is touted as a major cause of the 
drastic decline of black-tailed prairie dog populations over 
the past 100 years (Van Pelt 1999, Van Puten and Miller 
1999, Antolin et al. 2002), additional research comparing 
habitat characteristics of black-tailed prairie dogs in 
traditional grassland habitats to their counterparts in non-
traditional urban habitats is warranted. Thus, the objectives 
of this study were to compare plant cover, species diversity 
and the abundance of native and non-native plant species 
between prairie dog occupied and unoccupied areas in both 
traditional and non-traditional urban habitats. 
With the assistance of City of Boulder County Open 
Space and Mountain Parks (BOSMP) personnel, we selected 
8 prairie dog occupied sites and 8 prairie dog unoccupied 
sites on public lands administered by BOSMP in Boulder 
County, Colorado, USA. At the time of the study, each of 
the sites was an open-space park (i.e., undeveloped natural 
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parcel of land) designated for wildlife habitat, native plant 
habitat and / or passive, low impact recreational activities 
(e.g., hiking, wildlife viewing, horseback riding, mountain 
biking and other non-motorized recreational use). All of the 
study sites occurred within a 20 km radius and were not 
physically connected. Land use histories of the sites were 
varied. Because the study areas were of varying size 
(ranging from less than 5 ha to over 50 ha), we randomly 
selected a I-hectare area for intensive survey within each 
site. Of the 8 prairie dog occupied sites, 4 were located in 
traditional prairie habitats and 4 were located in disturbed 
areas that had been used previously for farming or mining 
(i.e., "non-traditional' habitats). Traditional habitats were 
defined as those included in Boulder County black-tailed 
prairie dog Habitat Conservation Areas (HCAs), which were 
selected based on their ecological suitability for this species 
(i.e., preferred soil type, low slope angles, availability of 
grassland forage species; see Boulder County Grassland 
Management Plan 1999 for additional description). Non-
traditional' habitats outside of prairie dog HCAs had been 
designated as inhospitable or of low suitability for black-
tailed prairie dogs by BOSMP because of unfavorable soil 
texture or depth, higher slope angles, and low availability of 
grassland forage species. Thus, our study represented a 4 x 
4 unpaired randomized design with 4 sites designated as 
each of the following: prairie dog occupied / traditional 
habitat, prairie dog unoccupied / traditional habitat, prairie 
dog occupied / non-traditional habitat, and prairie dog 
unoccupied / non-traditional habitat. We conducted field 
evaluations in October 2007. 
We estimated percent plant cover by species, bare 
ground, rock and litter cover at 20 random locations (0.25 x 
0.5 m sampling frames) within each site (Lehmer et al. 
2006). Plant species that could not be identified because of 
senescence were classified as "unknown". We calculated 
percent cover of native and non-native graminoids, native 
and non-native forbs, shrubs, bare ground, and litter. Also, 
we calculated Shannon diversity of native and non-native 
graminoids, native and non-native forbs, and shrubs 
(Gurevitch 2002). Determination of plants as native or non-
native to Colorado was based on the U.S. Department of 
Agriculture Plants Database (2007). Because plant sampling 
was conducted late in the growing season, spring annuals 
and C3 species are likely underrepresented. We used 
Analysis of Variance (ANOVA) to measure differences 
among site types (occupied / unoccupied, traditional / non-
traditional and their interaction terms) with respect to 
dependent variables of vegetation cover, species diversity, 
and abundance of native and non-native species (a = 0.05). 
Site designations were treated as independent, categorical 
variables. We estimated pairwise differences between site 
types using least squares means comparisons and Tukey-
Kramer adjustments for multiple comparisons. 
Of sites surveyed, vegetative communities ranged from 
diverse shortgrass prairies with complex native vegetation 
structures to monocultures of invasive weed species with 
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little biodiversity. There were no differences among sites 
with respect to forb coverage (F3.]2 = 2.18, P = 0.14), shrub 
coverage (F3./2 = 2.46, P = 0.10), or rock coverage (F1l2 = 
0.57, P = 0.64). Graminoid coverage differed among sites 
(F3,/2 = 10.25, P < 0.01) and was greater on unoccupied 
sites (48.46, SE = 23.02) than on sites occupied by prairie 
dogs (7.87, SE = 1.76; P < 0.01). Litter coverage differed 
among sites (F3,]2 = 3.43, P = 0.04) with non-traditional, 
unoccupied sites having lower litter cover than other site 
types (P = 0.05). Bare ground differed among sites (F3/2 = 
8.32, P < 0.01) and was greater on occupied (37.47, SE = 
12.98) than unoccupied sites (10.28, SE = 2.01; P = 0.01). 
Interactions between prairie dog occupancy and habitat type 
were similar for all coverage classes (forbs P = 0.13; shrubs 
P = 0.14; rock P = 0.73; graminoid P = 0.08; litter 
P = 0.11). Cover of native plant species differed across site 
types (F3/2 = 3.77, P = 0.04), with occupied sites (5.38, SE 
= 4.33) having lower cover of native species than 
unoccupied sites (13.63, SE = 5.09; P = 0.03). Cover of 
non-native species did not differ across site types 
(F3,12 = 1.79, P = 0.20). Shannon diversity (H') differed 
across site types (F3,/2 = 4.68, P = 0.02) with sites occupied 
by prairie dogs having lower diversity (185.40, SE = 63.13) 
than unoccupied sites (299.84, SE = 63.05; P = 0.03). 
Collectively, our results indicate that prairie dogs impose 
substantial changes in vegetation structure upon the 
landscape; however, these changes do not seem 
disproportionate in areas that occur outside of their 
traditional habitats. Thus, although prame dogs 
significantly alter vegetation structure, they do not 
necessarily convert suitable habitat patches into unsuitable 
patches. Also, our results support previous studies 
conducted in native prairie (e.g. Uresk 1985, Archer et aI. 
1987, Whicker and Detling 1988, Hartley et al. 2009) and 
urban areas (Magie and Crooks 2008) demonstrating that, 
compared to unoccupied sites, sites occupied by prairie dogs 
had lower graminoid cover and greater bare ground. There 
is an assumption among many land managers that prairie 
dogs facilitate encroachment of exotic species on a site. 
Likewise, previous studies have shown that prairie dog 
occupied sites have greater forb coverage compared to 
unoccupied sites (Day and Detling 1994, Detling 1998) and 
because forbs include a number of exotic species (e.g., 
Convolvulus arvensis), this has prompted some researchers 
to suggest that prairie dogs may facilitate colonization of 
exotics on a site (Magie and Crooks 2008). However, we 
detected no significant differences in forb coverage between 
occupied and unoccupied sites, and the abundance of non-
native plant species did not appear to be impacted by prairie 
dog occupation on sites located in either traditional or non-
traditional habitat. Our results provide preliminary evidence 
that black-tailed prairie dogs may not necessarily exacerbate 
encroachment of exotic species on a site, particularly in 
areas that are of similar habitat type (i.e., traditional or non-
traditional). We believe that propagule pressure, or the 
composite measure of the number of individuals released 
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into an area where they are not native and the number of 
discrete release events (Lockwood et aI. 2005) may be a 
more important cause of increases in exotic plant species in 
urban areas than is disturbance by prairie dogs. Importantly, 
previous studies had larger sample sizes and more 
comprehensive sampling designs than our coarse-scale 
study. Furthermore, our work was conducted later in the 
growing season after early annual plants had likely senesced 
or been consumed by prairie dogs. A more comprehensive 
look at forb cover and species diversity across the growing 
season and over a range of years in urban areas is warranted. 
Soil loss through wind erosion is an important and often 
overlooked process that can have major effects on 
biogeochemical and ecological systems (Field et al. 2009). 
Erosion of soil from prairie dog colonies is becoming an 
increasingly prevalent problem on the Front Range of 
Colorado because blowing soil is considered a nuisance to 
urban dwellers and soil loss can lead to desertification 
(Seastedt 2009). We observed significantly more bare 
ground on occupied compared to unoccupied sites, which 
could contribute to soil erosion, especially in winter when 
annual plants have senesced and wind storms are common. 
More quantitative information about the effects of prairie 
dogs on bare ground cover, soil erosion, and soil nutrient 
status is needed. 
Considered together, our results underscore the ability of 
black-tailed prairie dogs to persist in a variety of habitat 
types. Although our study is inherently limited by its 
coarse-scale design and lack of statistical power, we provide 
several preliminary lines of evidence demonstrating that 
black-tailed prairie dogs do not necessarily have a 
disproportionate negative effect on non-traditional habitats 
compared to traditional habitats within urban landscapes. 
Hence, we propose the emphasis that past urban prairie dog 
management plans have placed on traditional habitat 
structure be re-evaluated. A number of previous studies 
have assessed the value of this species in urban ecosystems 
based upon whether they fulfill a keystone role in affecting 
biodiversity of vertebrates or on their positive and negative 
contributions to vegetation structure (Lomolino and Smith 
2003, Magie et al. 2007, Magie and Crooks 2008). While 
we recognize that management of prairie dogs in urban 
settings requires inherent consideration of many societal and 
ecological factors, we suggest the importance of prairie dogs 
not be evaluated entirely on their positive and negative 
contributions to habitat structure and biodiversity. Rather, 
we suggest the potential role of urban prairie dog 
populations in future conservation of this species be 
considered of high value. In light of the declines that black-
tailed prairie dogs have experienced in the past century, 
placing a higher value on prairie dog populations in non-
traditional habitats may be imperative in the event of further 
decline of this species. 
Support for this research was provided by Fort Lewis 
College and the Barrett Foundation. Special thanks to L. 
Sterling-Krank, D. Butler, B. Ayers, K. Nulty, K. Sotosky 
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NOTES 
EARLY WINTER FEEDING ON ELM BARK BY 
EASTERN FOX SQUIRRELS NEAR THE WESTERN 
RANGE TERMINUS-Fox squirrels (Sciurus niger) feed 
on >30 different types of food across their extensive range 
~Korschgen 1981) including tree buds, flowers, fruits, seeds, 
and, on occasion, bark. For a large portion of the year, fox 
5quirrels rely heavily on tree seeds (Koprowski 1991). 
For three consecutive years (2007-2009), we observed 
fox squirrels feeding on bark of elm trees ( Ulmus sp.) on the 
;;ampus of West Texas A&M University, Canyon, Texas. 
Squirrels began feeding on bark in late November shortly 
after leaves had fallen off the trees and continued almost 
daily throughout the winter. In late February, when the 
buds appeared on the elm trees, squirrels began feeding on 
buds and were no longer observed feeding on bark. We 
were unable to distinguish which sex fed on bark but based 
on the amount of activity we assumed it was both sexes. 
When feeding, bark was peeled and ripped off of the smaller 
branches near the top of the trees. Most branches from 
which bark was removed were approximately 2-8 cm in 
diameter and bark was completely removed from the entire 
circumference of the sections of branch. We never noticed 
bark removal from trunks or larger branches. To our 
knowledge, only one other researcher has documented fox 
squirrels feeding on the bark of elms, but the period of use 
differed from ours. In Kansas, Packard (1956) observed 
squirrels feeding on elm bark in January and attributed this 
to depletion of cached food. Researchers have documented 
feeding on bark by fox squirrels in other tree species. In 
Colorado, fox squirrels used cottonwood (Populus sp.) bark 
as a predominant food source (Yeager 1959) and buckeye 
(Aesculus glabra) pith was fed upon during late fall and 
winter in Illinois (Havera et al. 1976). Kenward and Parish 
(1986) documented bark stripping by eastern gray squirrels 
(S. carolinensis) in England but detected no evidence 
linking bark stripping with food shortages. Various 
mammals feed on bark seasonally and in some species 
composed an important part of their diet. Lagomorphs and 
small rodents feed on bark from the base of trees and bushes 
during snow cover, most likely in response to food 
shortages (Kenward and Parish 1986) and North American 
porcupines (Erethizon dorsatum) fed almost exclusively on 
bark of trees during winter (Dodge 1967, Griesemer et al. 
1998). Further, many species of primates feed on bark 
seasonally in relation to absence of preferred foods (Nishida 
1976). 
The Texas panhandle is on the western periphery of the 
fox squirrel's range (Koprowski 1994) in the southern Great 
Plains. The population of fox squirrels in Canyon, Texas 
was apparently the result of introductions, but has been 
augmented by natural dispersal from the eastern Texas 
panhandle and Oklahoma (Choate 1991). River corridors 
and riparian woodlands facilitated continued western range 
expansion of the fox squirrel into western Texas (Geluso 
2004). Anthropogenic tree plantings such as shelter belts, 
urban landscaping, and extensive plantings by the USDA 
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Forest Service in the mid 1900s have influenced the spread 
of S. niger (Hibbard 1956, Frey and Campbell 1997). The 
Texas panhandle historically was a shortgrass prairie system 
with trees restricted to draws and riparian areas. Hackberry 
(Celtis occidentalis) and soapberry (Sapindus drommondii) 
are the only native mast producing trees found in this area 
(Wright 2001). Fox squirrels in this area are rarely located 
outside of urban settings, but even in urban environments 
few mast producing trees exist. At our site, the most 
abundant trees were honey locust (Gleditsia triacanthos) 
and three species of elms (Ulmus sp.). Mast producing trees 
consisted of black walnut (Juglans nigra) and three species 
of oak (Quercus sp.). Also, Osage orange (Maclura 
pomifera) and hackberry are important but rare food sources 
for fox squirrels (Korschgen 1981, Packard 1956) that are 
located on campus. 
Other studies have documented use of elm bark as food 
during times of food scarcity, yet this diet choice appears 
common and begins earlier in west Texas. We suggest that 
eastern fox squirrels on the extreme western edge of their 
range make greater use of elm bark due to the paucity of 
mast producing trees.-Dessa K. Montgomery and 
Raymond S. Matlackl. Life, Earth, and Environmental 
Science Department, West Texas A&M University, 
Canyon, TX 79015, USA. 1 Corresponding author email 
address: rmatlack@wtamu.edu. 
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NOTES 
RING-NECKED PHEASANT NEST PARASITISM OF 
SHARP-TAILED GROUSE NESTS IN SOUTHWEST 
NORTH DAKOTA-Numerous investigators have 
reported observations of ring-necked pheasant (RNP; 
Phasianus colchicus) eggs in nests of other gamebirds and 
waterfowl species (Errington and Hamerstrom 1938, 
Westemeier et al. 1998, Hagen et al. 2002, Krakauer and 
Kimball 2009). Previously recorded hosts include wild 
turkey (Meleagris gallopavo; Schmutz 1988), northern 
bobwhite (Colinus virginianus; Westemeier et al. 1989), 
greater prairie-chickens (Tyrnpanuchus cupido; Westemeier 
et al. 1998), and lesser prairie-chickens (T. pallidicinctus; 
Hagen et al. 2002). The reported occurrence of nest 
parasitism during these studies has generally been low with 
the highest reported occurrences found in gray partridge 
(Perdix perdix; Errington and Hamerstrom 1938) with 26% 
(7 of 26 nests) parasitized and in greater prairie-chickens 
with 29% (54 of 188 nests) parasitized (Westemeier et al. 
1998). 
Ring-necked pheasants were introduced into North 
Dakota around 1910 (Johnson and Knue 1989) and have 
become well established throughout much of the state. 
Much of the RNP range in North Dakota overlaps the 
historical range of native sharp-tailed grouse (STG; T. 
phasianellus). Beginning in the early 2000s, RNP numbers 
greatly increased in North Dakota, likely resulting in 
increased interactions between the species (Kohn 2009). 
Although previous investigations have reported RNP eggs 
in nests of gamebirds and waterfowl species, we are 
unaware of any which detail RNPs laying eggs in nests of 
STG. In this paper we report on the outcome of eight STG 
nests parasitized by RNPs between 2006 and 2009. 
We located and monitored STG nests as part of a RNP 
project that occurred from 2006 to 2009. A primary 
objective of the study was to determine the effects of 
sustainable livestock systems on RNP nest success and 
density on post-contract Conservation Reserve Program 
(CRP) lands in southwestern North Dakota. Our research 
was conducted in Adams County at two study sites which 
were located approximately 5 km apart. Our original 
project was initiated using a randomized complete block 
design and therefore we considered each 257 hectare site as 
a replicate. Treatments applied to each replicate included: 
1) 129 hectare season-long grazing paddock with grazing 
occurring annually between 2006 and 2009 from early June 
through early January or until 50% disappearance of 
standing crop, 2) 32 hectares of one-cutting haying system 
harvested annually in early July, 3) 32 hectares of no-till 
barley planted annually and harvested as hay in mid-July 
and 4) 32 hectares of no-till com planted annually and 
grazed by cattle from early January until early April. The 
control was 32 hectares of non-use representing idle CRP. 
Vegetation within permanent grass stands consisted of 
grasses and forbs typical of CRP plantings in the region 
and included intermediate wheatgrass (Thinopyrurn 
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interrnediurn), crested wheatgrass (Agropyron cristaturn), 
alfalfa (Medicago sativa), and sweetclover (Melilotus spp.). 
We used chain dragging to locate RNP and STG nests 
(Higgins et al. 1969). We searched each land use type 4-5 
times for nests on a bi-weekly basis between early May and 
mid July. We placed a stake wired flag 7 m to the north of 
each located nest and monitored nests every 3-5 days until 
nest fate was determined. If hens were observed sitting on 
their nests during monitoring efforts, we did not disturb 
nests. However, if hens were present on the second 
consecutive visit, we flushed them to examine eggs. We 
estimated nest initiation date following Westerkov (1950). 
We considered both parasitized and unparasitized nests 
successful if at least one STG or RNP egg hatched. We 
calculated apparent nest success by dividing the number of 
successful nests by the total number of nests located, 
however, we did not use abandoned nests during nest 
success calculations. We calculated hatching success of 
eggs within individual nests by dividing the total number of 
eggs hatched by clutch size. We determined nest parasitism 
through nest observation and based on egg characteristics 
(Baicich and Harrison 1997). The Institutional Animal Care 
and Use Committee at North Dakota State University 
approved all research protocols (Approval Number A0857). 
We located 152 RNP nests and 10 STG nests from 2006 
to 2009. We located all STG nests in areas of permanent 
grassland cover. Four nests (40%) were initiated in the idle 
CRP while six (60%) initiated in the season-long grazing 
paddocks. Eight of 10 (80%) STG nests monitored 
contained one or more RNP eggs and were considered 
parasitized. 
Parasitized nests on average contained 12.6 (range 7-16, 
SE = 1.1) STG eggs per nest while known unparasitized 
nests contained 13.5 (range 11-16, SE = 2.5) STG eggs per 
nest. Parasitized nests on average contained 5 RNP eggs 
(range 1-10, SE = 1.0) per nest. All 10 nests were located 
following the completion of egg laying. No new RNP eggs 
were found in any STG nests following initial location of 
nests. 
Of the 10 nests, 1 parasitized nest was abandoned and 
not included in calculating apparent nest success. Overall, 
the 9 remaining nests were 44% (4/9 hatched) successful at 
hatching at least 1 STG egg. Two unparasitized nests had 
50% success with the successful nest hatching 16 of 16 
eggs. Seven parasitized nests were 43% (3/7 hatched) 
successful at hatching at least one STG egg and 57% (4/7 
hatched) successful at hatching at least one RNP egg. In 
successful parasitized nests which hatched at least one RNP 
or STG chick, 25 of 52 STG eggs (range 0-10 per clutch, 
SE = 2.25) hatched, while 14 of 16 (range 3-4 per clutch, 
SE = 0.29) RNP eggs hatched. 
Albeit based on a limited number of nests, our 
observations of reduced apparent nest success rates and 
decreased hatchability of host eggs in parasitized versus 
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non-parasitized nests are similar to that reported by 
Westemeir et al. (1998) and Hagen et al. (2002). On 
several occasions RNP eggs hatched prior to STG eggs 
within the same nest bowl. Ehrlich et al. (1988) reported a 
similar incubation period for STG and RNP of 21-24 days 
and 23-25 days, respectively. The primary cause for RNP 
eggs hatching prior to STG eggs is unclear, but has been 
observed with other species including ruffed grouse (Bonasa 
umbellus; Kenaga et al. 1955) and northern bobwhites 
(Westemeier et al. 1989). One explanation may be that 
slightly larger RNP eggs received greater heat energy then 
nearby STG eggs, resulting in prolonged incubation periods 
for STG eggs (Kenaga et al. 1955, Johnsgard 2008). 
The rate at which STG nests were parasitized by RNPs 
during our study is higher than previously recorded for any 
other species which we are aware. Previous authors have 
suggested the increased occurrence of RNP parasitism of 
other nesting species was positively correlated with 
increased RNP densities (Bennett 1936, Carlson and 
Rollings 1942, Westemeier et al. 1998). A similar 
occurrence likely happened during our trial as the RNP 
population greatly increased beginning in the early 2000s 
and continued through fall of 2008, reaching levels not 
obtained since the mid 1940s (Kohn 2009). Southwest 
North Dakota supports among the highest density of RNPs 
within the state and therefore our findings may not be 
applicable across the entire state where the species' ranges 
overlap and RNP densities are lower. 
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